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FOREWORD 


I take pleasure in commending to the members of the Petroleum 
Division this volume of Transactions, Petroleum Development and 
Technology, 1937. The abundance of excellent papers presented at the 
meetings at Los Angeles, Fort Worth and New York has permitted and 
necessitated a very critical selection. Although this is the largest volume 
of the series since 1928, and contains approximately 150 more pages than 
last year, space limitations again necessitated omission of some papers. 

The Petroleum Division was distinguished last year in that a member 
and former chairman, John M. Lovejoy, was president of the Institute 
and headed the official party that attended the Los Angeles and Fort 
Worth meetings. The former was the largest meeting the Petroleum 
Division has ever held on the Pacific Coast and more sessions were held 
and papers presented than ever before. The two-day session at Fort 
Worth covered a great variety of subjects and was well attended, as 
usual. The New York meeting, in addition to technical papers, was 
featured by a symposium on Stabilization, ably led by Earl Oliver, at 
which the chief speaker was Congressman Pettengill. Many distin- 
guished executives as well as engineers attended and participated in 
the discussion. 

Under the guidance of President Lovejoy, awarding of the Anthony 
F. Lucas Gold Medal, “for distinguished achievement in improving the 
technique of finding or producing petroleum,” was initiated. The first 
medal was presented at the New York meeting, to J. Edgar Pew, Vice- 
president of the Sun Oil Co. and member of the Institute since 1917. 

Such success as the Division has attained this year is due to the cooper- 
ative efforts of so many people that individual mention is impractical. 
The names of the officers and committee members, almost every one of 
whom has been active, are on pages 11 and 12 of this volume. Their 
efforts would have been useless without the efforts of those who have 
prepared and presented papers and to whom thanks for the contents of 
this volume are directly due. No organization such as the A.I.M.E. can 
exist without a permanent headquarters staff, and the A.I.M.E. is for- 
tunate in having a staff that effects the smooth functioning of its many 
activities. Apparent to readers is the excellent editing and composition 
not only of this volume but of all Institute publications. 

Respectfully submitted, 


Hauuan N. Marsn, Chairman, 
Petroleum Division, 1936. 


PLANS FOR PETROLEUM DIVISION FOR THE YEAR 1937 


By M. ALBERTSON CHAIRMAN OF DtvIsIon 


Foutuowine the usual custom, three meetings are planned for the 
year. The Mid-Continent meeting will be held at Oklahoma City, 
Okla., Oct. 7 and 8, and the California meeting is planned for Los Angeles, 
probably also early in October. A program along the usual lines is under 
way for the annual New York meeting. 

Discussion and planning of the year’s activity started in March. An 
effort is under way to secure papers dealing with some overlapping phases 
of engineering, petroleum geology, geophysics, law, economics, refining, 
etc. The main reason for attempting a program along these lines is the 
belief that unusually interesting technical papers can be obtained.: 

The degree of specialization in the technical and related fields has 
permitted but few individuals to develop a sufficiently comprehensive 
viewpoint. Also, at times the developments in a particular field are 
capable of giving great stimulus toward much needed solutions of difficult 
problems in others fields of activity. With the coming of the period 
of restriction of production to market demand, many changes have 
occurred in policy and technique of petroleum production. Some changes 
have been advances, others have been of retrograde nature. It seems 
doubtful whether the adjustment to the condition of excess producing 
capacity has been complete or sound in some major respects. Many 
changes are in progress and others need to be initiated. 

The industry has excessive producing capacity so far as immediate 
market demand is concerned, but reserves for several years hence are 
generally believed insufficient. Exploration and discovery should go 
forward but development should proceed with caution and under control. 
Property rights should be clarified and protected for the new condition— 
without excessive cost for drilling wells that serve no purpose except that 
of giving some protection to property rights at the cost of an increased 
price to the consumer. 

Under the more steady condition of assured supply for the immediate 
future, as compared to the hand-to-mouth condition of wide-open pro- 
duction, a greatly advanced technique of development and production is 
possible and is being developed. Great progress has been made, but 
much remains to be done. Along some important lines progress can be 
effected only by better understanding between the engineer and the 
geologist, the lawyer, the politician, the geophysicist, etc. There is need 
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for a much fuller understanding of engineers in the social and political 
influences of their accomplishments. In short, men active in each branch, 
instead of proceeding independently of the others, should learn to coordi- 
nate with other branches and press forward in harmony toward a sound 
objective. This objective may well be the most complete and most 
economical extraction of the petroleum needed for common welfare. 

For the foregoing reasons, it seems desirable to have technical pro- 
grams that assist in developing a broader and more comprehensive under- 
standing of the problems existing in the petroleum industry and, where 
feasible, in applying engineering technique to their solution. 

The effort to make MINING AND MrrTaLLurey interesting to men in 
the petroleum industry and to others having a general interest in the 
industry, initiated last year, will be continued. 

An attempt to improve the organization and functioning of the Petro- 
leum Division is having attention. The rapid growth of petroleum 
engineering, and the great increase in the number of technical graduates 
and engineers employed in production activity calls for improved oppor- 
tunity for open discussion of views, and for more frequent effective per- 
sonal contact of those engaged in the petroleum engineering branch of the 
profession. In short, the Petroleum Division should be organized so as 
to more completely fill the requirements of one of the most rapidly devel- 
oping branches of engineering. 
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THE ANTHONY F. LUCAS GOLD MEDAL 


In 1936 the Institute established the Anthony F. Lucas Gold Medal, 
which will be awarded from time to time ‘‘for distinguished achievement 
in improving the technique and practice of finding and producing petro- 
leum.”’ These awards will be sponsored by the Petroleum Division. 

Captain Lucas was a pioneer in the oil industry, one of the early 
wildecatters and a leading mining and petroleum engineer. He was 
famous as the discoverer of Spindletop. He became a member of the 
Institute in 1895 and in 1913 was the first Chairman of the Petroleum 
and Gas Committee of the Institute, the forerunner of the present 
Petroleum Division. He also headed the Committee in 1914, 1917 
and 1918. 

The first medal was presented at the annual dinner in 1937, Feb. 17, 
to J. Edgar Pew. 

The personnel of the Committee on award as appointed in February, 
1937, is as follows: 


Joun R. Suman, Chairman 


Until Feb., 1938 Until Feb., 1939 
Hatuan N. Marsu R. OGaRRIo 
RussEut 8. McFarLanp H. H. Powrr 
Joun R. SuMAN Cart A. YOUNG 
Until Feb., 1940 Until Feb., 1941 
W. B. Heroy JOSEPH JENSEN 
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J. Epgar Pew Carro_t H. WEGEMANN 
Members ex-officio 
R, C. ALLEN ; Joun W. FIncH 
AXTELL J. BYLES H. B. Fuqua 
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Anthony F. Lucas Medalist, 1937 Award 


Chapter I. Production Engineering 


The Sucker-rod Pump as a Problem in Elasticity 


By Jonn F. Kenprick* anp Paut D. Cornenivust 
(Fort Worth Meeting, October, 1936) 


THIS paper is a progress report of a study the authors are making 
of the sucker-rod pump, considered as a vibrating system with one degree 
of freedom, with forced vibrations and with viscous damping. Dr. 8. 
Timoshenko’s formula is given, defining such a system. Each factor is 
considered in respect to the problem of operating sucker rods, and the 
zone is pointed out in which the mathematics do not apply to the 
sucker-rod pump, because of its variable mass. This general theory is 
interpreted in the light of nearly two years of testing wells in the field, and 
correlating the results of other tests. 

The motion of the pumping mechanism is a vibration. The string 
of sucker rods vibrates with a natural frequency. The motion of the 
plunger is the result of adding together these two vibrations, and 
is modified by a damping or friction factor. The controlling factor 
appears to be the ratio of the period of the natural vibration of the rod 
string to the period of the vibration of the pump. The first conclusion 
is that a definite value of this ratio, which is below resonance and is 
probably not greater than 0.5, should not be exceeded in order to assure 
satisfactory performance from the sucker rods. The second conclusion 
is that the component parts of the pumping equipment should be selected 
to give the smallest practical period of the natural vibration, and when 
this does not permit operation at a safe speed and give the required 
plunger displacement, a longer polished-rod stroke should be used. 

While the quantitative results are but rough approximations, the 
qualitative analysis of pumping problems on this basis promises to 
be of considerable value in diagnosing the cause of poor performance and 
prescribing suitable remedies. 

The trouble that results, whenever it becomes necessary to crowd the 
sucker-rod pump, to take potentials or to handle increasing volumes of 
water, is responsible for the belief that this type of pump is not equal to 
present day needs, and that it is only a question of time before some 
other pumping device will take its place. Of the troubles experienced, 
it is not surprising that the frequency of sucker-rod failures should 


Manuscript received at the office of the Institute Sept. 8, 1936. 
* Engineer, Pumphead Division, Sullivan Machinery Co., Tulsa, Okla. 
+ Manager, Pumphead Division, Sullivan Machinery Co. 
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increase under such conditions, but few anticipated that the majority 
of such failures would occur at some point below the top rod, where 
the maximum stress is assumed to be. Again, where high percentages 
of salt water have to be handled, the production does not keep pace with 
increased polished-rod velocity, but approaches a definite limit. It was 
assumed that such wells were pumped down, until it was discovered 
that this occurs even with a high bottom-hole pressure, indicating that 
the cause is not the lack of proper submergence. 

The inertia theory of plunger reaction is entirely inadequate to 
account for such phenomena, but the newer vibrational theory supplies 
rational explanations for these and other observations. For instance, it 
indicates that the stress in one of the lower rods can be greater than the 
stress in the top rod, which could be suspected from the fact that the 
rods break there. Also, the theory shows that under conditions of high 
damping, which exist when the percentage of water is high, the plunger 
will understroke rather than overstroke, and the plunger will under- 
stroke more and more, as the speed is increased. However, the theory 
goes further than this, by calling attention to what should be done to 
make the sucker-rod pump equal to the pumping job. 

This promise of usefulness has prompted the writing of this progress 
report, although much work remains to be done. More rapid progress 
should result, if more investigators are familiar with the fundamentals 
and are working along much the same lines. So these fundamentals will 
be found set forth in considerable detail in what follows, and interpreted, 
as far as possible, from the experience gained by two years of testing wells 
in the field and correlating other tests. 

A weight tied to the end of a chain of rubber bands is a convenient 
device for observing the possible reactions of the plunger. It is a good 
analogy, except for the fact that the weight of the model is constant 
throughout a cycle, while it varies in the pump from the weight of the 
rods less friction on the downstroke to the weight of the rods plus the 
fluid and friction on the upstroke. Our experience, so far, indicates that 
this is of importance at slow speeds, where there is generally no serious 
sucker-rod problem, and is of no particular importance at the higher 
speeds. However, it is probably the main reason for actual performance 
departing from the theory. 

As a visual demonstration of certain reactions of the plunger will be 
helpful in understanding what follows, we will run through the experiment 
with the rubber bands quickly. If we move the hand holding the upper 
end of the chain of rubber bands up and down slowly, imitating, as 
nearly as possible, the motion of the pumping mechanism, we observe 
that the weight or “plunger” moves with a “stroke” about equal to 
that of the “polished rod.” As we increase the strokes per minute of 
our hand, we note that the ‘“‘stroke” of the plunger increases and appears 


on 


— 
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to pass through a maximum. Thereafter, as the pumping speed is 
increased further, the “plunger stroke” becomes smaller and smaller, 
approaching zero as a limit. 

Now we will shut off the power and let our pumping unit stop. Then 
we will pull the weight down about an inch and release it. The weight 
bobs up and down with decreasing amplitude and shortly comes to rest. 
This is the natural vibration and its period in seconds depends on the 
mass and elasticity of the system. The fact that these vibrations die 
out rapidly is a demonstration of viscous damping, which here is due 
mostly to the resistance of the air. If the experiment were performed in a 
vacuum, it would take a longer time for this vibration to die out, but the 
weight would come to rest eventually, due to hysteresis in the spring. 


Factors In PRoBLEM 


In their elementary forms, therefore, we have three factors: 
(1) the motion of the pumping unit, which can be considered a vibration 
with definite amplitude and frequency; (2) the natural vibration of 
the system with its definite amplitude and frequency; (3) a fric- 
tional or damping factor. Therefore, if we imagine the weight of our 
model guided by the walls of a glass tube, representing the tubing of an 
oil well, we have what the mathematicians call a vibrating system with 
one degree of freedom, with forced vibrations and with viscous damping. 
In such a system, the reaction of the weight or plunger is the result of 
adding together the two vibrations; that of the pumping mechanism or the 
forced vibration and that of the system itself, the natural vibration, and 
this resultant motion is further modified by the friction or damping 
factor. Therefore, we are able to recognize the point in our experiment 
at which the weight vibrated with its greatest amplitude, as the point 
of resonance, or the point at which the periods of the two vibrations 
are equal. 

Dr. S. Timoshenko has given us the following formula, defining the 
resultant vibration of such a system: 


[1] 


where ds; = half plunger stroke, in. - 

dy = half polished-rod stroke, in. 

T = period of natural vibration, sec. 
= 0.3195+/d, where d, equals the static stretch equivalent to 

the weight of the fluid and one-third the weight of the rods. 

1, = period of forced vibration of pumping mechanism, sec. 
= 60/s.p.m. 

u = damping factor. 
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TaBLE 1.—Plunger-stroke Factors 


Solution of Formula 1 
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The derivation of this expression will be found in a number of the 
standard texts on elasticity, which are listed in the bibliography. 
It is integrated from differentials built up from trigonometric functions, 
and the two vibrations are sinusoidal in character. In this respect, the 
formula should apply to pumping units employing the walking-beam 
principle, which are variations of simple harmonic motion, better than 
to fluid motor types of motion, where the polished-rod velocity may vary 
inversely with the load. However, the experimental work indicates, so 
far, that these latter cycles follow the relationship close enough for 
practical purposes, although they generally show a smaller damping 
constant, presumably because of their lower peak velocity. The relation- 


5 ec 7 4=0.0 


BS) 2.0 WES 
1/t, 
Fig. 1.—CHARACTERISTICS OF VIBRATING SYSTEM WITH ONE DEGREE OF FREEDOM AND 
WITH FORCED VIBRATIONS. (After Timoshenko.) 


ship is evolved with the assumption of a constant mass, and the mathe- 
maticians claim they cannot integrate the differentials, if they allow 
for a variable mass. This appears to introduce a serious error at very 
low speeds only, where the vibratory stresses are not a serious factor. 
At the higher speeds, the formula gives sufficiently close results for 
our purposes. 

The solution of this formula 1, for various values of T/T, and u, will 
be found in Table 1. 

In order to assist in visualizing the significance of this fundamental 
relationship, Dr. Timoshenko has plotted it as a family of curves, which 
is shown as Fig. 1. It will be noted that the horizontal scale is the ratio 
of the periods of the two vibrations 7/T:. It will be found helpful to 
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regard this scale as polished-rod velocity or strokes per minute, which 
could be substituted for any given well. This relationship is as follows: 


60R 
wy = Ok 2 
where N = strokes per minute of the polished rod 
R = ratio T/T, 
T = period of the natural vibration, sec. 

The vertical scale is the right-hand part of the basic formula 1, with 
dyreplaced by 1. In other words, this scale is in multiples of the polished- 
rod stroke. 

It will be noted that the graph consists of a family of curves, each 
one corresponding to a different value of the damping factor u. The top 
curve represents the stroke of the plunger for zero damping. Each of 
these curves is divided into two parts at approximately the ratio 7/T, 
equals 1, which is the point of resonance or the point of maximum vibra- 
tion in our rubber-band experiment. With zero damping, the plunger 
stroke is infinite here, and greater damping tends to reduce the magnitude 
of the plunger stroke at resonance, and move the point of resonance to a 
slightly lower speed or ratio of T/T. 

The polished-rod strokes per minute, at the point of resonance, depend 
upon the period of the natural vibration T. For many of the Wilcox 
sand wells-of the SouthtOklahoma City field, the value of 7 was found to 
be about 2.0 sec., with,bottom-hole conditions as they were in the fall of 
1935, which placed resonance at about 30 strokes per minute, irrespec- 
tive of the length of the polished-rod stroke. Many of the water wells 
in the Wilcox sand in the Seminole area have a value of T equal to 
1.5 sec., making the point of resonance 40 strokes per minute. Lighter 
and shallower wells might have a value of T equal to 1.0 sec., with 
resonance occurring at 60 strokes per minute. Again, heavier and 
deeper wells might have a value of 7 equal to 2.5 sec., which would 
place resonance at 24 strokes per minute. These speeds would be 
reduced in proportion for operation at a ratio of T/T; less than unity; 
for instance the speeds would be just half for operation at a ratio of 0.5. 

At speeds higher than those of resonance, or at ratios of 7/7, greater 
than unity, the stroke of the plunger becomes smaller and smaller, 
approaching zero as a limit. This again coincides with our observations 
of the reaction of the weight on the chain of rubber bands. At speeds 
slower than those at resonance, or at ratios of 7/7; less than unity, the 
curves of Fig. 1 show that the plunger stroke becomes shorter and shorter, 
approaching the stroke of the polished rod as a limit. This checks with 
the experiment with the rubber bands. However, the reaction of the 
plunger of the sucker-rod pump does not conform at the lower speeds, as 
will be pointed out in more detail later. 
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DEDUCTIONS 


All the wells that the authors have had an opportunity to check have 
been operated at a speed that makes the ratio of the periods of the 
two vibrations less than unity. In other words, the pumps are operated 
below resonance, and observations have led to the belief that many wells 
with a poor rod record are operated at a speed that gives too high a 
ratio of T/T,. This leads to the first generalization, that from the 
point of view of the duty on the sucker rods there is a definite ratio of 
T/T,, which should not be exceeded. The exact location of this critical 
ratio must be determined more exactly, by additional field work, corre- 
lating rod performance with well measurements. However, the authors 
will hazard a guess that it will be found close to 0.5. On large wells, 
where the required production necessitates the use of the longer polished- 
rod strokes, better results will probably be secured by operating at 0.4. 
On small wells, where shorter strokes can be used to advantage, it will 
probably prove practical to operate at 7/71 equal to 0.6. 

That such a maximum ratio of 7/7) exists is entirely consistent with 
the fundamental theory, and with operating and experimental experience. 
The stresses that cause the majority of sucker-rod failures are vibratory 
in character. The pumping mechanism does not displace the string 
of rods bodily, as it would if the string were a rigid body, but sets up a 
vibration, which is transmitted to the lower end. At the same time, 
the string of rods is set to vibrating with a natural frequency, and 
this wave motion is added to that of the pumping mechanism to produce 
the motion of the plunger. These vibratory stresses are relatively 
intense at the plunger, are damped out, and become relatively feeble 
at the polished rod. However, they are superimposed upon the dead 
weight stress, which is a maximum at the polished rod and a minimum at 
the plunger. Therefore, it is possible for these two to add together, at 
some point in the length of the string of rods, to produce a stress that is 
greater than the stress in the top sucker rod. This is the most likely 
explanation of the frequent breaks in the body of the string. 

These vibratory stresses may be intensified by various causes. First, 
there is the possibility of a phase difference between the plunger and 
the polished rod. We are again indebted to Dr. Timoshenko for the 
following formula, which enables us to compute approximately this 
phase relationship: 

uTT, 


TP [3] 


tana. = 


where a = angle 
u = damping factor 
T = period of natural vibration, sec. 
T, = period of forced vibration, sec. 
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This shows that at very low speeds the polished rod and plunger are 
approximately in phase. At resonance, they are 90° out of phase, and 
above resonance they approach a phase difference of 180°. In this 
latter case, the plunger would be coming up while the polished rod was 
going down. It is impossible to demonstrate this in the field, because 
the sucker rods would not stand the strain of operation at these higher 
speeds, and no practical means has been developed to actually measure 
this phase difference in the well. It can be observed, however, in the 
laboratory, with a more refined model of a walking beam, a chain of 
rubber bands and a weight in the form of a bucket, so that the mass can 
be varied by adding or removing bird shot. Any ratio of 7/T can be 
obtained quite easily, by varying the mass in this way. 

It is quite possible that this phase difference increases the sucker-rod 
stress, without doing any useful work. In fact, many investigators 
ascribe the peak of the dynamometer card to a phase difference. How- 
ever, such a peak would be caused if the natural vibration apposed the 
motion of the polished rod at that point, and such a theory supplies a 
logical explanation of the loops and hooks at the ends of the cards. Also, 
this theory is supported by the fact that the cards made by a fluid motor, 
operated by compressed air or gas, so that the velocity of the polished 
rod varies inversely with the load, do not show this characteristic peak. 
Irrespective of the difference in phase, this peak represents an undesir- 
able stressing of the sucker rods, and its intensity will be reduced as the 
ratio T/T; is reduced. 

It is entirely possible to get 100 per cent overstroke, at a ratio of 0.8 
in an oil well with a moderate amount of gas, and no water. Such an 
overstroke is in the form of a compressoral or longitudinal wave, with a 
definite wave length, and it would cause an additional stress in proportion 
to the force required to stretch the rods that much. The spring constant 
of the 7% and 34-in. rod strings, used with 134-in. plungers, in many of 
the Oklahoma City wells is 191 lb. per inch. Therefore, with a 72-in. 
polished-rod stroke, this stress might be of the magnitude of 72 X 191 or 
13,752 lb. This example is illustrative, as it would prove impractical 
to operate a 72-in. stroke, under such conditions. In order to get the 
desired displacement, it would be necessary to use a longer stroke, 
at fewer strokes per minute, which would automatically reduce the 
ratio 7/7). 

Again, it is well established that the addition of two periodic motions, 
even if they are sinusoidal, may result in a periodic motion, which is not 
sinusoidal. Close to resonance, this produces the phenomenon of beats. 
Elsewhere, the resultant motion describes a definite but irregular course, 
varying in amplitude from the sum to the difference of the two ampli- 
tudes as shown in Fig. 2. It is not difficult to imagine that such a 
reaction will subject the string of rods to intense stresses of such short 
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duration that our dynamometers are insensitive to them. Here, the 
remedy is operation at a lower ratio of T/T; to lessen their intensity and 
possibly give a more satisfactory pattern to the resultant motion. What- 
ever shocks remain make the use of a shock-absorber element desirable. 

It has not been established that this periodicity can exist under all 
conditions, but it has been established that it does exist under certain con- 
ditions. When a dynamometer card is retraced a number of times, the 
upstroke and downstroke lines do not coincide. Also, we have motion 
pictures of the polished-rod grip of a Sullivan pumphead, operating on a 
Simpson sand well in Oklahoma City, which, when run at slow speed, 


WIGa 2. Pig. 3: 


Fig. 2.—DIAGRAM OF POSSIBLE PATH OF PLUNGER WHERE RATIO 7'/7; EQUALS 0.8. 
Fig. 3.—PoLISHED ROD RETURNED TO TOP OF STROKE BEFORE COMPLETING 
DOWNSTROKE. 


show the polished-rod stopping, after making about 20 per cent of the 
downstroke. It then returns to the top of the stroke before reversing 
and completing the downstroke. That such reactions are observable 
in the pumphead is due to the fact that both ends of the string of sucker 
rods are free, and can adjust themselves to varying load conditions. 
An indicator card of a Sullivan pumphead, taken under such conditions, 
is shown as Fig. 3. 

On the practical side, the history of the Oklahoma City wells seems 
to confirm this general deduction. Low bottom-hole pressures were 
common when this field went on the pump, as the gas-lifting stage was 
prolonged. Wells with moderately high bottom-hole pressures and 
approximately the same characteristics as to rod strings, plunger diam- 
eter, fluid and submergence, were pumped successfully at 18 or more 
strokes per minute. As the fluid levels have declined, many of the 
operators have obtained better performance at slower speeds and 15 
strokes per minute are not uncommon. In many cases, the necessity 
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for slower speeds has been counteracted by the substitution of 1}4-in. 
plungers, or strings of larger rods. As the wells approach the stripper 
stage, the small production available makes a shorter polished-rod 
stroke practical, and also reduces the breakage resulting from the plunger 
sanding up and sticking, and the vibratory stresses, under these con- 
ditions, are not serious. However, the long stroke is practical, when the 
fluid type motor is used under stripper conditions, as the motor will 
stop, before it will subject the rods to a stress sufficient to break them. 
All of which is a demonstration of the practical benefit of operating a 
well at a suitable ratio of the period of the natural vibration to the period 
of the forced vibration. 

Some additional comment on the specific factors of formula 1 may 
prove helpful. There are three unknowns; the stroke of the plunger, the 
period of the natural vibration, and the damping factor. The stroke 
of the plunger can be measured with considerable accuracy, with a 
Sargent dynamometer; however, there is no very accurate way to deter- 
mine the period of the natural vibration or the damping factor. In 
experimental work, therefore, it is necessary to compute the period of 
the natural vibration, from estimated data, and then it is possible to 
solve for the damping factor. While this introduces a considerable 
error, at times, the relative error is small and the results are of con- 
siderable value. 

In the formula, d2 is the amplitude of the forced vibration, and is half 
the stroke of the polished rod. The same is true with d3, which is the 
amplitude of the resultant vibration, or half the plunger stroke. How- 
ever, it has been found sufficiently accurate, for our purposes, to consider 
these as the stroke of the polished rod and the stroke of the plunger, 
respectively. The period of the forced or pumping mechanism vibra- 
tion, T1, gives no trouble, as it is equal to 60 divided by the strokes 
per minute. 

The period of the natural vibration T' is a more difficult problem. It 
can be computed from the expression 


T= 6.28, |" [4] 


period of natural vibration, sec. 


static stretch, in feet, caused by the weight of the fluid and 
one-third the weight of the rods. 


g = acceleration due to gravity, ft. per sec. squared. 
This is solved, more conveniently, on a slide rule, if simplified to 


T = 0.3195+/d, [4a] 


where d, = static stretch in inches, caused by the weight of the fluid and 
one-third the weight of the rods. 


where 7 
d, 
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This static elongation is computed from Hooke’s Law: 


e= be [5] 
AE 
where e = elongation, in. 

P = force producing stretch, lb. 

L = length of spring, in. 

A = area, sq. in. 

E = modulus of elasticity. 

In the absence of specific information in regard to the value of this 
modulus for different sucker rods, a uniform value of 30,000,000 has 
been used. 

It will be found convenient, in many instances, to determine the 
spring constant, or the force required to stretch the spring one inch, first, 
and then compute the total stretch by dividing the load by this constant. 
This constant is computed by making e equal to 1, in formula 5, and 
solving for P, which then becomes the spring constant k. This is all 
that is required for a straight string of rods, but for a tapered string 
consisting of two different sizes of rods, the constant for each length of 
each size must be computed separately in this manner, becoming k; 
and ke. Then the spring constant for the string is: 


kike 


k= —— 6 
I + he 18) 

Similarly, the constant for a three-rod string is: 
ee Bae [6a] 


kiko + kiks + koks 


The weight causing this stretch, d, in formula 4, is the sum of the 
weight of the fluid and one-third the weight of the rods. The weight 
of the fluid depends on the pumping lift and the density of the fluid in 
the tubing. These are factors that cannot be determined easily, and 
therefore stand in the way of accurate quantitative results. However, 
it would require a considerable drop in fluid level to affect the results 
seriously, so this factor can generally be estimated sufficiently closely 
for our purposes. It should be noted that the lower the fluid level, the 
greater will be the period of the natural vibration. As the polished-rod 
velocity increases, the density of the fluid in the tubing decreases, 
reaching a minimum at the higher velocities. This would make the 
period of the natural vibration smaller, but in practice the loss in density 
seems to be offset by a drop in fluid level, or some other factor, which, in 
the light of our present limited knowledge, seems to keep the period of 
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the natural vibration constant, throughout the practical range in polished- 
rod velocities. However, it will be well to keep in mind that we may 
discover, eventually, that there are conditions that make the period of 
the natural vibration different at different pumping speeds in the same 
well. 

The weight of the rods in the fluid can be determined with a fair 
degree of accuracy, and further comment seems unnecessary. In 
problems of this kind, however, where the weight of the spring is so 
great in relation to the weight of the fluid, it is necessary to consider the 
weight of the spring in computing the period of the natural vibration. 
A useful approximation is to add one-third the weight of the spring or 
rods, to the weight of the fluid, a result that follows from integrating a 
differential containing an energy factor. 

It should be clear, now, that one of the objectives in selecting sucker- 
rod pumping equipment is to choose the component parts to give 
as small a period 7 of the natural vibration as is compatible with the 
practical advantage to be gained. Sometimes, this can be accomplished 
by substituting larger rods or a smaller plunger for those which would be 
used normally. Basing the opinion on a limited knowledge of Oklahoma 
City conditions, oversized rods rarely permit an increase in pumping 
speed of more than one stroke per minute. Under these same conditions, 
reducing the size of the plunger from 134 to 114 in., or about half, will 
permit an increase in pumping speed of about 2.5 strokes per minute. 
Both of these expedients have distinct fields of usefulness, particularly 
where relatively little production is required. Where large capacity is 
required, to handle water or to take potentials, the vibratory stresses 
cannot be controlled in this way, and it becomes necessary to use a 
polished-rod stroke of a length established by well conditions. This 
phase of the problem will be enlarged upon later. 


Dampine Factor 


Only the damping factor remains for consideration before we can 
give some thought to the practical aspects of this analysis. As has been 
pointed out, part of the damping effect is due to hysteresis in the sucker 
rods themselves, but this is small compared to the damping effect of the 
fluid friction in the tubing. Investigators in other fields have discovered 
that this is proportional to the velocity at the lower speeds and is pro- 
portional to some power of the velocity at the higher speeds. This 
power is generally taken as the square. When the authors first became 
interested in this problem, they concluded that the velocities involved 
were low enough to make the damping factor directly proportional to 
the velocity, and therefore of relatively little importance. This has 
since proved to be an error—and the damping factor is as important as 
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any involved and is responsible for the limitation of the production of the 
sucker-rod pump, when the percentage of water is high. 

It is obvious that the damping factor has some direct relationship 
to the density, possibly more correctly, the viscosity of the fluid in the 
tubing. We can easily isolate three conditions: (1) no fluid in the tubing, 
which is the case in a low fluid level well, when pumping up; (2) various 
densities of crude oil, with varying amounts of gas and (3) various 
mixtures of oil and water with varying quantities of gas. In the first 
case, the absence of fluid load should reduce the length of the plunger 
stroke. However, the Sargent dynamometer shows maximum stroke, 
uniformly, under these conditions, with the plunger often bumping up 
and down. ‘This indicates that the damping factor is negligible when 
the tubing is full of gas, and suggests the desirability of slow speed when 
pumping up. This condition does not last long, as the tubing is soon 
filled with some kind of fluid. Our knowledge of the range of the damp- 
ing factor under varying fluid conditions is as yet incomplete and our 
measurements may prove none too accurate. However, with the best 
technique available, we have plotted a range from about 0.3 for crude 
oil with considerable gas to possibly better than 2.5 for a well producing 
mostly water with but a small amount of gas. Also, it is fairly well 
established that the quantity of gas present determines the size of the 
damping factor. This wide range was entirely unexpected and has an 
important effect on the performance of the sucker-rod pump. 

The question will arise, naturally, as to what can be done to counter- 
act the effect of the damping factor when it is undesirably high. One 
remedy is rather definitely established—lower the ratio T/T; of the 
period of the natural vibration to the period of the forced vibration. 
Another possible remedy has not been so definitely established. As the 
high damping factor is a velocity reaction, it is possible that the use of 
oversize tubing may lower it. This opens up an interesting field for 
investigation, but generalization is impossible at the present. Before 
leaving this subject, it should be pointed out that it is possible that the 
damping factor changes with the velocity. 

Those who have come with the authors this far may well ask what 
objection there is to a high damping factor? The answer, based on 
theoretical considerations, is to be found in that portion of the character- 
istic curve of Fig. 1 which lies below resonance. This shows clearly 
that as the damping factor increases the plunger understrokes rather than 
overstrokes. This results in a reduction in displacement; that. is, 
production at the time production is needed most. 


PracticaAL APPLICATIONS 


This appears to be the case in actual practice, and the significance 
will be apparent from an examination of Fig. 4, which is a composite 
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graph interpolated from our field tests. It is based on a well with the 
physical characteristics of many of the Wilcox sand wells in Oklahoma 
City, and compares the resultant plunger strokes of 120-in. and 60-in. 
polished-rod strokes. The horizontal scale is the average polished-rod 
velocity, and supplementary scales for strokes per minute and the ratio 
of T/T, are shown. Future tests will increase our knowledge of the 
range of conditions which produce these results, but there is little doubt 
now of the accuracy of their broad significance. 

The upper curve of each group represents the length of the plunger 
stroke for a damping factor of 0.6, while the lower curves represent the 
length of the plunger stroke for a damping factor of 1.8. The upper 
curve is probably typ‘cal of the average oil well, with no water and a 
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moderate amount of gas. The lower curve is probably typical of rela- 
tively heavy water wells, say 60 per cent water and a moderate amount of 
gas. Varying conditions will give curves above, below or between these 
limits, but it is believed that the great majority of wells will be found 
to fall on or between these limits. It will be noted that both the 120-in. 
and 60-in. polished-rod strokes have a ratio of 7/7; equal to a half when 
operated at 15 strokes per minute. With a damping factor of 1.8 the 
computed plunger velocity is 255 ft. per minute for the long stroke, 
against 127.5 ft. per minute for the short stroke. While this is an 
extreme case used for illustrative purposes, it demonstrates that a high 
damping factor results in an appreciable loss in production and shows 
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that the longer polished-rod strokes are a practical means for recovering 
part of this loss. 

With a damping factor of 0.6 the computed plunger velocity is 371 ft. 
per minute, for the long stroke, against 186 ft. per minute for the short 
stroke. With a sacrifice of rod performance, this difference could be 
reduced by speeding up the short stroke. However, speeding up the 
short stroke with a high damping factor would increase the difference. 
That these general effects of the damping factor and polished-rod stroke 
are correct is well established in spite of the results of several tests, which 
credit the short stroke with the greater production when pumping oil 
with no water. Such comparisons have been made with the polished-rod 
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Fig. 5.—LENGTH OF POLISHED-ROD STROKE FOR REQUIRED PLUNGER DISPLACEMENT. 


velocities nearly equal, and what has been said above indicates that the 
production of the short stroke would be the greater, but the sucker-rod 
performance would be bad. This is not the proper basis for comparison, 
as the true function of the long stroke is to make it possible to increase 
the average velocity without increasing the vibratory stresses materially. 
Such comparisons should be made with the ratios of 7’/T1 approximately 
equal, then the long stroke will give the greater production, with a better 
rod performance. 

Fig. 4 shows the zone at the lower speeds in which the sucker-rod 
pump vibrates as a system with variable mass, and where the mathe- 
matics does not apply. The curve of the length of the plunger stroke 
may be regarded as two curves, tangent to each other at a velocity 
where the kinetic energy of the rods equals the potential energy of the 
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fluid in the tubing. This point of tangency, therefore, depends on the 
density of the fluid in the tubing and the pumping lift and will be different 
for different wells. This zone occurs at such low speeds that the vibra- 
tory stresses are not a factor and the divergence from the general 
theory, therefore, is of no practical importance. 

Throughout this discussion, we have endeavored to make clear the 
importance of the ratio T/T; of the pertod of the natural vibration to the 
period of the forced or pumping mechanism vibration, to the problem of 
limiting the duty on the sucker rods as much as possible to the com- 
ponent that does the useful work. There is a definite ratio, probably 
0.5, which should not be exceeded if the rods are to give satisfactory 
service. This leads to the problem of getting plunger displacement and 
still maintaining a satisfactory ratio. It has been pointed out that over- 
size rods help moderately and reducing the plunger about a half helps 
more and can be used to advantage when large production is not required. 
However, where large production is required, we must resort to the 
longer polished-rod stroke. An illustrative example will make the 
practical application clear. 

Assume a fluid with a specific gravity of 1.0. The static stress in the 
top rod will be about 25,000 lb. per sq. in., if we assume zero submer- 
gence and set a 134-in. plunger at 3750 ft. on a straight string of 5-in. 
sucker rods. This unit stress will vary, of course, with the type of rods 
and the type of pumping unit, but in general it is best to start with the 
largest plunger that can be run to the required depth, as this tends to keep 
the strokes per minute to a minimum. The weight of the rods in the 
fluid is 3900 lb., and the spring constant k is found to be 205 lb. per in., . 
using formula 5. In the usual manner, using the total area of the plunger, 
the weight of the fluid is computed to be 4290 lb. Adding one-third the 
weight of the rods to the weight of the fluid and dividing by the spring 
constant, gives us a static stretch of 27.3 in. The natural period of 
the rods is found to be 1.67 sec. by substituting in formula 4a. The 
maximum strokes per minute for a ratio of 7/7; equal to 0.5, is found 
from formula 2 to be 18.0. 

The length of stroke required to give the desired production is found 
by substituting in: 


mY [7] 


where S = length of plunger stroke, in. 
Q = plunger displacement, bbl. per day. 
N = strokes per minute, corresponding to the assumed ratio T/T), 
taken as 0.5. 
c = plunger constant: 
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Puiuneer, In. Constant Piune@er, In. ConsTanT 
1 0.117 216 0.526 
1% 0.148 24% 0.590 
1% 0.182 234 0.657 
136 0.222 24 0.728 
1% 0.262 234 0.882 
1% 0.308 334 1.638 
134 0.357 434 2.630 
2 0.466 


From this, we find that the plunger stroke should be 78 in. for a produc- 
tion of 500 bbl. per day; 156 in. for a production of 1000 bbl. per day and 
234 in. for a production of 1500 bbl. per day. This is shown graphically 
in Fig. 5. 

The stroke of the polished rod can be found by estimating the damp- 
ing factor and dividing the plunger stroke by the proper factor taken 
from Table 1. Thus, the polished-rod stroke would be 78/1.24, or 
63 in. for a damping factor of 0.6 and it would be 78/0.85 or 92 in. 
for a damping factor of 1.8. In order to complete the proposition, these 
polished-rod strokes should be divided by the estimated apparent volu- 
metric efficiency. Obviously, this new method of designing the sucker- 
rod pump is handicapped, as is the older method, by the lack of accurate 
advance information in regard to the physical characteristics of the well. 
However, we can be sure of the worst conditions if we assume zero sub- 
mergence and salt water. Then an effective bracket of the problem can 
be obtained if the computations are repeated for different submergences, 
such as 30 per cent, 45 per cent and 60 per cent. This new method 
promises to give more definite results, and as our experience with it 
grows, it may supplant the older approximation based on impulse factors. 
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Determination of Fluid Level in Oil Wells by the Pressure- 
wave Echo Method 


By C. P. WaLKER* 
(Los Angeles Meeting, October, 1936) 


DETERMINING the distance to remote objects by observing the time 
required for sound to traverse the intervening space is an old practice. 
Attempts have been made to use this method for determining the fluid 
level in oil wells but as far as the writer is aware it was not found to be 
practicable, because vibrations in gas in the audible frequency range do 
not travel as well and as far as low-frequency pressure waves, which are 
capable of transmitting a greater amount of energy than can be trans- 
mitted by audible waves. Wood, in his book ‘‘Sound,” states that in a 
given medium the range of sound transmission will vary inversely as the 
square of the frequency. The fact that the sound from a whistle having 
a low tone has‘’a much lower attenuation rate than that from a whistle 
of high pitch is well known. Also, the pressure waves caused by cannon 
fire often rattle windows at points so distant that no sound of the cannon 
is heard. 

In 1932 P. E. Lehr and H. T. Wyatt, of the Shell Oil Co., experimented 
with the principle of the concussion, or pressure-wave echo, method of 
determining fluid levels in oil wells. They released compressed gas into 
the top of the casing, thereby creating a pressure wave, which traveled 
down the well and back again. Their experiments proved conclusively 
that, with the proper apparatus for recording the echoes and determining 
the velocities at which the waves travel, the method could be used 
successfully for determining fluid levels in oil wells. 

Wells are often equipped with from one to three tubing catchers and 
these together with the top of the liner are frequently above the fluid. 
Kach of these obstructions reflects a part of the pressure wave. In such 
wells there may be, therefore, as many as five pressure-wave reflections. 
Thus it is obvious that in order to identify the various reflections and to 
determine therefrom the fluid level in a well it is necessary to obtain a 
graphic record of these reflections. 


Manuscript received at the office of the Institute Oct. 31, 1936; revised April 
14, 1987. 
*The Depthograph Co., San Marino, Calif. 
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DEVELOPMENT OF DEPTHOGRAPH 


In 1935 the writer began the development of suitable instruments and 
apparatus for making use of the pressure-wave method of determining 
fluid levels in oil wells on a commercial basis. 

For the preliminary studies an electric oscillograph was used with a 
microphone for receiving the wave reflections. Commercial microphones 
proved to be entirely unsuited to the needs, as the frequency of the 
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Fie, 1.—DrprTrHoGRAPH, INCLUDING APPARATUS FOR MEASURING PRESSURE-WAVE 
VELOCITY IN GAS FLOWING FROM WELL. 


pressure wave was on the order of about three cycles per second. These 
microphones were too sensitive to the audible and other high-frequency 
sounds and not sufficiently sensitive to the low-frequency pressure wave. 
Consequently the high-frequency, or audible sounds, produced by sucker 
rods and by the hiss of gas through valves and leaks obscured the wave 
reflections from the fluid level and other obstructions of which the depths 
were to be determined. 

As there was not available a microphone with sufficiently low fre- 
quency response to receive these pressure-wave reflections a mechanical 
receiver was designed and built. This receiver consists of a diaphragm, 
one side of which is exposed to the well-casing space through a 2-in. tube. 
The space behind the diaphragm is also connected into the casing for 
the purpose of equalizing the casing static pressure on both sides of 
the diaphragm. The present design of the Depthograph receiver 
(Figs. 1 and 2) is capable of operation with casing pressures up to 500 lb. 


per square inch. 
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The diaphragm actuates a small mirror. A light beam directed 
against the mirror is reflected into an optical system where its movement 
is amplified and a part of it is directed onto a ground glass for observation 
and another part of it is projected onto a strip of moving sensitized paper 
and photographed. The sensitized paper is usually run at the rate of 
about 2 in. per second, making a record chart 20 in. long for a well where 
the fluid is 5000 ft. from the top. Each inch on the chart represents 
approximately 250 ft. of depth in the well. This large-scale chart (Fig. 
3) makes it easy to read off the depth accurately. The chart speed may 
be varied from 1 to 5 in. per second, at will. 


Fig. 2.—DrPpTHOGRAPH RECEIVER AND RECORDER. 


A timer controlled by a tuning fork and driven by a synchronous 
motor puts a series of time marks along one edge of the record chart— 
one mark for every 0.1 sec. At the end of every second the time mark 
is about twice as large as the intervening 0.1-sec. marks, which makes it 
possible to quickly determine the time intervals to the various echoes. 

The body of the truck for transporting the instruments and equipment 
is made light-tight and is equipped with facilities for developing and 
fixing the record charts. In about eight minutes after completing a 
fluid-level test the chart can be developed and made ready for inspection. 


OPERATION OF INSTRUMENT 


At the moment of releasing the compressed gas into the casing to 
produce the pressure wave the recording apparatus is connected to the 
casing through a small needle valve, for the purpose of obtaining a 
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record of the start of the pressure wave from the top 
of the well. A moment after the gas is released into the 
casing the main valve connecting the instrument 
diaphragm chamber to the casing is opened, making 
the instrument sensitive for receiving the reflected 
pressure waves. 

The velocity at which the pressure wave travels in 
the well is the same as the velocity at which sound 
waves would travel. It varies from about 850 to over 
1400 ft. per second in the various wells and depends 
upon the composition of gas contained in the well. 

Many wells have a tubing catcher above the fluid 
level and the distance down to it is usually known. 
Catchers reflect a part of the wave and are easily located 
on the Depthograph charts, as shown by Fig. 3. 
This provides an easy means of accurately determining 
the wave velocity in the well. 

Where there is not an obstruction such as a catcher 
at a known location, or a liner top in the well, to reflect 
back a wave, it is necessary to determine the velocity 
at which the pressure wave travels in the well under 
test in-order to determine the fluid level. As it has 
been found to be impossible to calculate this velocity 
from the physical properties of a sample of the well 
gas secured at the surface, a search of considerable 
literature on the subject was made in an effort to find a 
suitable method of measuring it, but no accurate 
method suitable for field use could be found. It was 
then decided that velocity-measuring apparatus should 
be developed making use of a low-frequency wave. 
The apparatus designed and built for these velocity 
measurements (Fig. 1) consists of a tube about 2 in. in 
diameter and 12 ft. long, through which gas flows from 
the well under test, a device for creating and 
maintaining a pressure-wave oscillation in the tube and 
an instrument for detecting the existence of perfect 
resonance in the tube. 

If one’s hand is clapped over the open end of a 
tube that is closed at the opposite end, and the tube 
is not too short, the wave thus created can be felt as it 
oscillates from one end to the other of the tube. The 
first idea considered was to photograph such an 
oscillating wave, which would rapidly die out in the 
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Fig. 3.—DrEptuHo- 
GRAPH CHART. 
Well depth 7921 

ft.; pump set at 

7628 ft. 


tube, and from the photograph determine the frequency of oscillations. 
From this known frequency and the known length of the tube the rate of 
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wave travel in the tube could be determined. This method was con- 
sidered to be too long and tedious and not sufficiently accurate, so it 
was decided to maintain the oscillations in the tube either electrically 
or mechanically and obtain a longer photographic record of 
the oscillations in the tube, thus making the process more accurate. The 
next step along this line of reasoning was to maintain the oscillations 
at the rate at which they would naturally oscillate without outside 
interference; that is, produce resonance in the tube by electrical or 
mechanical means and provide a means of determining the rate of applica- 
tion of the impulses that maintained the resonance. This requirement 
was not difficult to meet and in the present form of the instrument the 
impulses are applied to the tube pneumatically by means of a valve driven 
by an adjustable speed motor. A revolution recorder attached to the 
motor shaft provides the means of determining the frequency of oscilla- 
tions in the tube. 

Air is used as the basis for all gas-velocity measurements. The 
frequency at which resonance occurs with gas in the tube is compared 
directly with the resonant frequency with air in the tube. Knowing 
the velocity at which the pressure wave will travel in air the velocity in 
the tube with gas flowing through it is directly proportional to the 
resonant frequency. For example, if the resonant frequency with gas 
in the tube is 10 per cent higher than it is with air in it the velocity of the 
wave in the gas is 10 per cent faster than it is in air. 

To indicate the condition of perfect resonance in the tube, one end 
of it is attached to the same diaphragm-operated mirror system that 
is used for indicating and photographing the pressure-wave echoes from 
the well. The light beam from the mirror is directed upon a revolving 
mirror with eight reflecting faces. The oscillations of the pressure 
wave in the calibrating tube cause the light beam to vibrate parallel to 
the axis of the revolving mirror. When the mirror is rotated the light 
beam is moved at right angles to the movement imparted to it by the 
oscillations in the tube. This resultant motion of the beam is observed 
upon a ground glass and represents the form of the wave that is oscillating 
in the tube. When the condition of perfect resonance occurs in the tube 
the amplitude of this wave reaches a maximum and its shape is quite 
critical. If the frequency of applying the impulses to the tube is varied 
slightly from the natural period of the tube the wave as seen upon the 
ground glass undergoes a radical change in shape and its amplitude 
is diminished. 

As the intensity of oscillations in the tube is a maximum when 
perfect resonance occurs in it, a device for indicating the intensity of the 
pressure wave oscillating in the tube makes a simple means for deter- 
mining when the rate of application of the impulses to the tube is such 
that the tube isin resonance. For indicating resonance by this method a 
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microphone is attached to one end of the tube, where it can pick up the 
wave oscillations and pass them on to an amplifier. The amplifier 
output meter gives an accurate indication of resonance in the tube. The 
tuning is very sharp and the rate of application of impulses to the tube 
can be very accurately adjusted to keep it at the exact resonance point 
by watching the output meter and keeping this rate such as to produce a 
maximum output as indicated by the meter. This electrical method, 
because of its simplicity, has replaced the revolving-mirror method for 
determining the frequency and velocity of the wave in the cali- 
brating tube. 

However, the determination of the pressure-wave velocity in the wells 
from tubing catchers or reflectors installed in the well above the fluid 
level is more accurate than the indirect method of measuring the velocity 
in the calibrating apparatus and it is recommended that this method be 
used where the fluid level is low and a high degree of accuracy is required. 
Some oil companies are now making it a practice to install a wave reflector 
in the well above the static fluid level the first time the tubing is pulled, 
thus providing a permanent yardstick in the well by means of which the 
fluid level can be accurately determined by the Depthograph at any time 
during the life of the well. 


DETERMINATIONS 


The velocity of the pressure wave, V, increases slightly with an 
increase in temperature. This increase is proportional to the square 


1400 | 
5 es 
% 1300 
= 
vo 
a 
* 1200 ; 
ee ols Be aE 
8 9], His BIS 
= Re el ~ OS 
v oS s}|9 LIS 
A Ss aS She 
@ 100; Ss me g x ~ x 
= rts | SIS aS | 
cls Os | Sh 
BES 1000 2000 3000 4000 5000 6000 1000 
Well depth, ft. 


. Fig 4.—VELOCITY-DEPTH CURVE MADE FROM TESTS IN WELL IN VENTURA FIELD. 
Gas gravity, 0.72; casing pressure, 315 lb. per square inch. _ 
Velocities: 1, top to first catcher: 2, top to second catcher; 3, top to third catcher; 
4, first to second catcher; 5, first to third catcher; 6, second to third catcher. 
iba Ses ees 
root of the absolute temperature 7’, or VounNT' Fig. 4 is drawn from 
an actual test in a well and shows how the velocity increases with well 
depth and temperature. This wel] had three tubing catchers in it, provid- 
ing three markers in the well from which the variation in wave velocity 


with depth could be determined. 
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Several wells with a wide variation in gas gravity and quantity of gas 
and containing two or more wave reflectors from which the wave velocity 
at different depths in the wells could be determined have been tested and 
in all of them the velocity-depth gradient has been found to be constant 
for the full depth of the wells. 

If the reflector is not too far above the fluid in the well, the fluid level 
can be determined accurately by using the mean wave velocity to the 
catcher. If the fluid is very far below the catcher the mean velocity to 
it, owing to the higher temperature, will be slightly greater than that to 
the catcher, in which case it will be necessary to make a slight correction 
in the velocity to the catcher before using it to determine the distance 
to the fluid. 

By observing the echoes on the ground glass of the Depthograph when 
fluid-level tests are being made, the operator is able to determine the 
approximate distance from the reflector to the fluid. If the distance is 
too far to determine the fluid level from the catcher reflection by straight 
proportion, the temperature of the gas flowing from the well is measured. 
Having this temperature and knowing the average bottom-hole tempera- 
ture for the field in which the well is located, the slope of the velocity- 
depth curve for the well can be determined. 

Knowing the gas temperature at the top and the estimated tempera- 
tures at the reflector and the fluid surface, and the average velocity to 
the reflector, as determined from the Depthograph chart, the average 


velocity to the fluid is 
460 + Tiny 
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where Vmy = mean velocity to the fluid, 
V mr = mean velocity to the reflector, 
T'mz = mean temperature to the fluid, deg. F., 
T'mr = mean temperature to the reflector, doa tig 

The mean velocity to the fluid thus determined multiplied by the 
seconds to the fluid as shown on the Depthograph chart will give the 
distance to the fluid. As the velocity correction for temperature is very 
small, an error in the assumed bottom-hole temperature will result in a 
negligible error in the fluid-level determination. 

It is also true that correction factors derived from the above equation 
will lie on a slightly curved line. However, the radius of curvature is 
very large and this method of correcting the velocity has been found to 
produce results that are well within the limits of accuracy required. 

Up to the present time the pressure-wave velocity in most of the 
wells tested has been determined from catchers, reflectors and liner tops. 
A method is now being developed by means of which the number of 
joints of tubing above the surface of the fluid can be determined. Practi- 
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cally all oil companies keep records from which the average length 
of the joints can be determined. Many of these records show the length 
of each stand and its position in the string of tubing. Having this 
information on the tubing and knowing the number of joints above the 
fluid level, it is obviously a simple matter to determine the fluid level 
in the well. 

A condition of resonance is set up between the collar echoes coming 
out of the well and an oscillation that takes place in the piping between 
the recording instrument and the casinghead. When the length of this 
connecting pipe is so adjusted that perfect resonance is set up in it by 
the succession of collar echoes entering it from the well casing, the 
amplitude of the collar echoes is greatly increased, making it possible 
to reAdily count them on the photographic record. 

When properly tuned the oscillation occurring in the pipe between 
the instrument and the well casing is three times the frequency of the 
collar echoes coming from the well, thus it becomes a third harmonic 
of the collar, or fundamental frequency, and the phase relation is such 
that the fundamental and third harmonic wave peaks coincide and result 
in a greatly increased fundamental or collar-echo amplitude. 

Fig. 5 is a Depthograph chart taken before tuning the instrument 
piping and Fig. 6 shows the result of tuning it to amplify the tubing- 
collar echoes. The space between adjacent peaks on this chart repre- 
sents one joint of tubing. There was a catcher in this well but its exact 
location was not known, making it necessary to determine the number of 
tubing joints above the fluid. The wave motion of the light-beam track 
on these charts is due to large quantities of gas bubbling out of the oil 
in the well. 

This method permits measuring the distance to the fluid in a simple 
direct way where there is not a catcher or reflector in the well or where 
the catcher location is not known, or where the catcher or reflector is 
below the surface of the fluid. 


SOLUTION OF PuMPING PROBLEMS 


The Depthograph has been used principally for making fluid-level 
surveys of groups of wells in a field. It is, however, finding increased 
use as an aid in solving difficult pumping problems. 

In producing wells the fluid is seldom as dense within the well as it 
is in a sample drawn from the well and from which the gas has been 
allowed to escape. Fluids made light in the well by gas are difficult to 
pump at satisfactory volumetric efficiencies even though a good con- 
ventional gas anchor may be used. Many wells have been pumped at 
low volumetric efficiency because it could not be determined whether 
there was lack of fluid in the well or whether the fluid was too light for the 
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pump to handle efficiently. The Depthograph has been used in many 
wells of this kind to determine the real reason for low volumetric efficiency. 

In making a fluid-level test, if considerable fluid is found above the 
pump the operator usually wishes to know how much it is equivalent to 
in feet of dense fluid, or what the pressure is at the pump during normal 
operation. To determine this, the casing is closed in and the pressure 
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Fig. 8.—FLUID-LEVEL CURVE OF WELL IN WHICH FLUID WAS ABOUT 50 PER CENT NORMAL 
DENSITY. 
allowed to build up to some predetermined value. When this pressure is 
reached the gas flow-line valve is cracked and the pressure held at the 
desired value for several hours, or until the fluid level has ceased to 
recede. The level is then photographed and its location determined. 
The total pressure holding the fluid down during this test is the sum 
of the static head due to the weight of the gas column above the fluid 
and the casing pressure at the top of the casing. Dividing this total 
pressure by the distance in feet through which the fluid had receded 
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gives the average density of the fluid in pounds per square inch per foot 
of static head. 

To determine the density of the fluid at different distances above the 
pump, this back-pressure operation is sometimes repeated several times. 
As the well should be pumped until the level ceases to recede after each 
step of casing pressure it is seldom that more than one step can be com- 
pleted in one day unless the casing is small and the quantity of gas large, 
which will permit making determinations more often. Figs. 7 and 8 
show fluid-level curves plotted from such tests. The data for Fig. 7 
were obtained from a wet well in which the fluid was of high density while 
the curve shown in Fig. 8 was plotted from data taken from a well where 
the fluid was about 50 per cent of normal density. 

It has been found that if, when the level becomes stable, the distance 
the fluid in the well has been depressed is plotted against the correspond- 
ing pressure on the surface of the fluid, the result is practically a straight 
line. This permits the pressure at the pump to be determined although 
the fluid level at the time the last density-determination test is made may 
be a considerable distance above the pump. This is illustrated by 
Figs. 7 and 8. 


DISCUSSION 


(A. H. Bell presiding) 


B. H. Rosinson, * Los Angeles, Calif.—The Depthograph is a well designed instru- 
ment, and the theory of its operation is basically sound. This instrument records 
by an indirect method the same type of information that is recorded by the bottom- 
hole pressure gauge. The Depthograph has the advantage over the bottom-hole 
pressure gauge in that the equipment is located at the surface and rods or tubing or 
both do not have to be removed from the well to install it. A further advantage is 
that often the density of the fluid can be determined, and this is not practical with the 
pressure gauge in a pumping-well test because the gauge is at the bottom of the pump 
and to determine the gravity of the fluid a dynamometer is required in addition. 

The value of any instrument depends upon the accuracy of the answer secured. 
In an attempt to evaluate the results of even small errors in measurement, the fol- 
lowing example is presented. Assume fluid level and density of fluid are measured in 
a 2000-ft. well, and from this information the bottom-hole pressure is computed. In 
this particular well the fluid is found to be above the pump, indicating that the maxi- 
mum production is not being secured. If indicated fluid level is accurate to within 
2 per cent, there will be an error of 2000 times 0.02, which is 40 ft. With a fluid 
gradient of 0.4 Ib. per sq. in. per foot of height, the error in bottom-hole pressure 
becomes 0.4 times 40, which is 16 lb. per sq. in. Productivity indices usually range 
from 0.1 to 10 bbl. per pound differential pressure California wells, so that the error 
in computing the additional available production rate will range between 1.6 and 160 
bbl. per day. In a deep well the same percentage of accuracy will result in more 
serious errors. For instance, in a well similar to that just described but 8000 ft. deep, 
the error in fluid-level measurement is 160 ft. and the error in bottom-hole pressure 
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is 64 lb. per sq. in., and the error in estimating potential production becomes a mini- 
mum of 6.4 bbl. per day and a maximum of 640 bbl. per day. As stated previously, 
the error used in the illustration is not a reflection on the accuracy or actual error of 
the Depthograph. It simply points out some of the difficulties of our problem. I 
understand that with the use of reflectors or with the use of tubing catchers to accom- 
pany the pump very accurate results have been secured. 


C. P. Watxer.—That all depends upon the accuracy with which the reflectors 
have been measured in. Most of them have been located very close to the fluid. 
Frequently we build up casing pressure until the stabilized fluid level is at or very close 
to the pump. We can tell when the fluid is at the pump intake, in which case there is 
no error in the fluid-level determination. 


MemsBer.—Tubing catchers are rather expensive. Cannot something else be 
used to reflect the wave? 


C. P. Wautxer.—Reflectors may be installed in lieu of tubing catchers. They 
usually consist of pieces of light-weight casing swedged down at both ends and then 
bored to fit over the tubing, where they are secured by means of set screws. Some 
operators object to the addition of rigid reflectors so our design of reflector consists of 
a sheet-iron cylinder with conical ends welded to collars for slipping on over the string 
of tubing at any desired location. The making costs only a few dollars each. 


M. W. Morris,* Taft, Calif—There is an interesting application of the Deptho- 
graph which has not been mentioned here; that is, to locate holes in well casing. 
The position of the break in the pipe is indicated by a negative reflection of the 
pressure wave. 


* Petroleum Engineer, Standard Oil Company of California. 


Use of Data on the Build-up of Bottom-hole Pressures 


By Morris Musxkat* 
(Fort Worth Meeting, October, 1936) 


In preparing a well for pumping, observations are often made of the 
fluid level in the well bore or bottom-hole pressures at various times before 
equilibrium has set in. From a qualitative point of view one may 
immediately infer that if the rise in the bottom-hole pressure or fluid 
level is rapid the permeability of the sand about the well bore is large, 
and converse conclusions may be drawn if the rise is slow. However, a 
more quantitative estimate will give additional information of value, as 
will be shown in this paper. 

To derive such an estimate we may proceed as follows. Let h be 
the fluid height, above the sand face, at time ¢, and let yo be the average 
density of the fluid that enters the bore. The bottom-hole pressure, for 
a fluid height A will therefore be p = yogh, neglecting, of course, the fric- 
tion drop in the well bore, while the fluid is rising, as may be justifiably 
done for most pumping wells. 

If a is the free area of the open-flow string—assumed to be uniform— 
the rate of production from the sand during the rise of fluid will be: 


Q = a5 =F = Slo) [uy 


where the last part of the equation merely indicates that, in general, the 
production rate Q must be considered as a function of the back pressure, 
and is determined by it alone. In fact, equation 1 shows that if the rate 
of rise of the pressure or fluid level is determined as a function of the 
height of rise, or p, for a number of values of the latter, this functional 
relation between Q and p will be immediately given. 

Conversely, if we know this functional relation, the rate of increase 
of p or h may be predicted, or, by observing the rate of rise of p or h some 
of the constants of the sand may be determined. Thus we may approxi- 
mate the production from a well in a pumping state by that of a dead 


Manuscript received at the office of the Institute Sept. 8, 1936. 

* Gulf Research & Development Co., Pittsburgh, Pa. 

1 Equation 1 implies that the increasing bottom-hole pressure is due only to the 
rising fluid head. It will, therefore, break down in the case of flowing wells after 
shutting in, where the compression of the gas in the well bore will give an additional 
time-varying contribution to the bottom-hole pressures. 
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fluid, and neglect the effect of the gas on the law of flow?. We shall 
have then: 


Q = c(p. — p) [2] 


where c is a constant depending on the dimensions of the system (sand 
thickness, well radius, “external” radius) and is proportional to the sand 
permeability, and p, is the reservoir pressure. With this form for Q, the 
integral of eq. 1 takes the form: 


P= Dit (pe — pi)(l — e7 70*/2) [3] 


h = hi + (he — hi(1 — 7 7*/*) [4] 


or 


where, since p = p, and h = h, at t = ~, p, and h, correspond to the 
actual closed-in bottom-hole pressure and the final equilibrium fluid 
level, respectively, and p; and h; are the initial values of the bottom-hole 
pressure or fluid height; i.e., those at the instant chosen to represent t = 0. 
Rewriting equations 3 and 4 in the forms: 
_Yoget = 16 Pe— Pp he —h 


et EE 2 eit 3 
a 8. — Di log (Patt [5] 


we see that if the time is observed for the rise in the pressure or fluid height 
to the values p or h, and if the final equilibrium pressure or fluid height 
De, he is known, as well as the area of the hole a and the fluid density, 
equation 5 will give the value of ¢ as: 

Dag Dey. Be he — h; 

De—p ~ vogt Eh, —h 6] 


eb 
a yogt 8 
And if c is known, the production capacity of the well for any back 
pressure follows from equation 2. Thus the maximum pumping capacity 
would be (p = 0): 


ape De— pi ah. h, — h 
NTO 2 gin, oe 7 
sues ee i log Fg baew [7] 


Q = ‘cp, = 


In the latter form one does not need to know the fluid density. However, 
it should be mentioned that the observations of the pressure p or height h 
should be made for values that are not very close to the equilibrium 


2Tn fact, if one should extrapolate to consolidated sands the results recently 
established for the flow of gas-liquid mixtures through unconsolidated sands [R. D. 
Wyckoff and H. G. Botset, and M. Muskat and M. W. Meres: Physics (1936) 7, 325, 
346] it would appear that equation 2 may be a good approximation even if the oil and 
gas should flow as a “live” fluid, except during the first stages of the pressure build-up 
when the liquid saturation about the well bore may show an appreciable increase. 
The constant c will then, of course, no longer be given rigorously by equation 8. 

3 All logs are to the base e, or natural logs. 
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values pez, he, or else small errors in the measurement of p or h will give a 
relatively large error in the value of ¢ and in Q. 

If the times are observed for more than one pressure or fluid height, 
they should give the same value of c as computed by equation 6 provided 
equation 2 is correct. Or, the data may be plotted on semilogarithmic 
paper with ¢ on the cartesian scale and p. — por h, — hon the logarithmic 
scale; the points should then lie on a straight line, the slope of which will 
give the value yogc/a. 

If equation 2 is found to hold—i.e., if the above plot does give a 
straight line—the constant c may be resolved theoretically into the form: 


c = (2rkb/u) /log re/Tw [8]* 


where k is the sand permeability, b its thickness, » the viscosity of the 
oil, r» the well radius and r, the external radius at which the pressure 
is pe, under flowing conditions. If, then, c is determined by the above 
method and the sand thickness and radii 7, 7. are known, the sand perme- 
ability may also be computed. 

A deviation of the plot of p, — porh, — hagainst t on semilogarithmic 
paper from a straight line may be due to one of two reasons. Either 
the flow is not like that of a dead liquid, so that equation 2 is not valid, or 
the value of p,. or h., from which is subtracted the observed p or h, is 
incorrect. A choice between these alternatives may be made by attempt- 
ing to straighten out the curve by changing the value of p, or h,. If this 
is unsuccessful, the incorrectness of equation 2 is established. If, how- 
ever, a straight line is obtained, equation 2 will not only be verified but 
the correct value of p,. or h, will at the same time be obtained. 

In fact, this adjustment of p. or h, so as to make the plot of p, — p 
or h, — h versus ¢ a straight line, on semilogarithmic paper, affords both 
a rapid and very sensitive method for determining the true reservoir 
pressure. For if the sand be ‘‘tight”’ it may take several days or more 
for the reservoir pressure to be built up at the bottom of the well bore, so 
that the cost of determining the reservoir pressure will be prohibitive. 
If, however, bottom-hole pressures or fluid heights be recorded simply 
for a pressure-differential variation of some twentyfold over a 10 to 20-hr. 
interval, during the period of appreciable rate of increase, the above 
method will permit the determination of p, or h. without the necessity of 
waiting for equilibrium to be established. At the same time the value 
so obtained will be very accurate, as errors in the assumed value of p, 
as low as 5 lb. will cause an easily detected deviation of the plot from 
strict linearity over a pressure range such as 40 to 800 pounds. 


‘It is assumed here that the well completely penetrates the producing sand. If 
this is not true, and the actual well penetration is known, a correction factor must be 
applied. This will be found in the paper by R. D. Wyckoff, H. G. Botset, M. Muskat, 
and D. W. Reed: Amer. Assn. Petr. Geol.(1934) 18, 161, Fig. 7. 
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Fig. 1.—AVvERAGE BOTTOM-HOLE PRESSURE RISE FOR 20 WELLS IN THE JUDKINS FIELD, 
Ecror County, Texas, Marcu 1935. : 
_ The author is grateful to Mr. G. A. Pool, Chairman of the Judkins Pool Engineer- 
ing Committee, for permission to publish this curve. 
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Fic. 2.—Data or Fig. 1 REPLOTTED ON A SEMILOGARITHMIC SCALE. 
Pe — p = reservoir pressure — bottom-hole pressure. Curve I: pe = 928 lb. 
curve II: p, = 930 lb. 
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Although the author has not had available suitable field data with 
which to test satisfactorily the above theoretical results, the manner of 
the determination of the reservoir pressure may be illustrated by an 
application of the above outlined procedure to the data shown in Fig. 1, 
giving the average rate of increase in the bottom-hole pressures of 20 
wells in the Judkins field, Texas. When plotted on semilogarithmic 
paper, with the reservoir pressure p, taken as 928 lb., these data give the 
straight line, curve I, of Fig. 2. If the data had referred to a single well, 
this linearity would have been evidence of the general validity of the 
above theory for that case, and not essentially fortuitous, as actually it 
is. Furthermore, the sensitivity of this test to the value 928 lb. for p. 
is strikingly shown by comparison of curve I with curve II, in which the 
same data are plotted, but with p. = 930 pounds. 

It is hoped that with a knowledge of the possible applications of such 
field data as used above, it will be found feasible to collect at least enough 
to determine their value from a practical point of view’®. 
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Influence of Production Practices on Gravity of Produced Oil 


By Rosert R. Boyp,* Memper A.I.M.E. 


(Los Angeles Meeting, October, 1937) 


THE gravity discussed here is that of the clean oil produced. Gravities 
of fluids containing water, free or in the form of emulsion, sand, drilling 
mud or mineral salts of a nonbituminous nature do not represent the 
gravity of crude oil as considered in this paper. 

During recent years it has become a frequent occurrence for operators 
to be called upon to explain to landowners the reasons for variations in 
gravity on shipments of oil from wells in which they are interested as 
royalty owners. In regard to single well leases it has been noted that 
marked changes in gravity frequently have occurred for no apparent 
reason. Data collected on the subject and correlated with production 
methods reveal interesting facts. It is the purpose of this paper to pre- 
sent some of the highlights on the subject. 

These gravity changes in the natural crude oil are with a few excep- 
tions the result of the liberation under varying conditions of the volatile 
hydrocarbons from the natural oil-gas solution contained within the 
pool. The subject of the liberation of gases from natural oil-gas solution 
has been investigated by Ben E. Lindsly, of the U. S. Bureau of Mines, 
and the observations recorded here are in the main consistent with 
his conclusions. 

Investigators have recognized two methods of liberation of gas from 
solution—flash and differential. In the latter method the vapors are 
removed from the liquid as rapidly as formed and have no opportunity 
to come to a condition of equilibrium with the oil. In flash liberation 
an equilibrium condition between the oil and the gas exists at the pressure 
of separation. Mr. Lindsly has found that the method of liberating the 
gas from the oil has a pronounced effect on the final gravity and that 
differential liberation results in a higher A.P.I. gravity due to the higher 
ratio of gasoline producing hydrocarbons left in the oil. 

Under actual production practices with high velocities in flow strings, 
it is our contention that conditions of perfect equilibrium between gas 
and the oil rarely exist, and that gas separation is made under varying 
conditions, sometimes approaching that of equilibrium and at other 
times departing from it. ; 

Manuscript received at the office of the Institute Oct. 13, 1935. 


* Production Engineer, Richfield Oil Company of California, Los Angeles, Calif. 
49 


50 INFLUENCE OF PRODUCTION PRACTICES ON GRAVITY OF OIL 


It has been pointed out that the gravity of the oil-gas solution in a 
natural reservoir under pressure is much lighter, because of the dissolved 
gas, than is the gravity of the oil as delivered to the production tanks. 
From a production standpoint it is desirable to distinguish between the 
gravity of the oil-gas solution in the reservoir and that of the oil com- 
ponent. As the gravity of the residual oil will vary with the changing 
conditions under which the gas component is liberated, we may define 
the gravity of the oil within the reservoir as the gravity of the liquid 
hydrocarbon content of the reservoir when reduced to atmospheric pres- 
sure under conditions of differential liberation. We may not be able to 
measure this gravity accurately unless we get a bottom-hole sample under 
static conditions, nevertheless we shall adopt the definition. 

A discussion covering the changes in gravity of crude oil brought 
about through methods of production involves two separate phases: 

1. The gravity changes of the fluid within the reservoir. 

2. Gravity changes brought about in the wells, lines and traps, by 
the methods of operation. 


GRAVITY CHANGES WITHIN THE RESERVOIR 


Gravity changes within the reservoir may be brought about by migra- 
tion. A decrease in the gravity of the oil in an old field under water 
drive is a common phenomenon. Occasionally an increase in gravity 
has been noted after prolonged periods of pumping, which may be ascribed 
to a downward migration of lighter oil originally accumulated on the 
top of the structure, the downward migration having been caused by 
edge withdrawals. 

The method of gas liberation in the reservoir naturally has a bearing 
on the gravity of the oil entering the well. Without arguing whether or 
not this method more nearly approaches flash liberation or is approxi- 
mately differential liberation, we can admit that it varies between the 
two methods, and also that it is influenced by the position of the well on 
the structure, the presence or absence of a free gas cap, and the method 
of pressure control on the well. 


GRAVITY CHANGES CAUSED BY PRopUCING OPERATIONS 


It is obvious that an increase in casinghead gasoline from the well 
must result in the lowering of the gravity of the oil produced, except 
when such gasoline is recovered from a product that previously was lost, 
or when it is drawn from oil still left in the ground. In the first instance 
the economic gain is clear. In the second, an ultimate loss is indicated 
as casinghead gasoline produced from the oil left in the ground necessarily 


lowers the gravity of the oil remaining, thus lowering its value and making 
its recovery more difficult. 
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It often happens that a justification of a change in production is based 
on an increased gasoline recovery from the gas produced with the oil. 
Except as noted above, increased production of casinghead gasoline can 
occur only when such gasoline is taken directly from the oil produced, 
thus lowering the gravity and its value, the net results to the operator 
remaining substantially the same. Changes in gravity of as much as 
4° A.P.I. on 30° oil have been brought about by operating practices 
within the control of the operator. The changes in gravity were accom- 
panied by an equalizing change in natural gasoline production. The 
producer is primarily interested in producing the maximum amount of 
oil at a minimum cost, and is not greatly concerned with the effect of his 
production method on the gravity of the oil as long as the gasoline-produc- 
ing fractions are all recovered in the gasoline plant. 

There are some reasons, however, why we should have a better 
understanding of the causes of these gravity fluctuations, among them 
the following: 

1. Gasoline production may be erroneously credited to an operation 
that has merely resulted in extracting the gasoline from the oil produced. 

2. Geologists may err when using gravity data as an aid in determin- 
ing the horizon from which the production originates. 

3. Claims have arisen for the improper accounting of royalties, based 
on the theory that the gravity of the produced oil varies uniformly with 
the time the well has been on production. 

4. A knowledge of the subject may enable the producer to use the 
gravity data as an aid in solving production problems, including those 
which have to do with reservoir withdrawals. 

The following data are presented covering changes in gravity that 
have resulted from changes in well operations. The gravity figure used 
is that of the average of all tank gravities for each month and, unless 
otherwise noted, represents the gravity of oil cutting 1 per cent or less 
in water and sediment. 

Effect of Release of Pressure on Well Head.—Fig. 1 shows the result of 
a sudden drop in well-head pressure. On this chart, in addition to the 
gravity range, has been platted oil production in barrels per day and 
the back pressure on the flow string. Through the first 21 months of the 
life of the well, the tubing pressure dropped from 290 lb. per sq. in. to 
70 lb. with little change in the gravity of the oil. The gas was separated 
in a trap carrying 5 to 10 lb. The gas-oil ratio varied considerably, 
gradually making two complete cycles between 1500 and 2300 cu. ft. per 
barrel. With 60 lb. carried in the tubing, the well ceased to flow. The 
choke was removed and the well was placed on production by means of 
the gas-lift, which was immediately discontinued. The well continued 
to flow against 5 to 10 lb. pressure carried on the trap. The results were 
as given in Table 1. 
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Effect of Changing from Flowing to Gas-lift Operations.—Fig. 2 shows 
a clear record of the effect on the gravity of placing a flowing well on 
gas-lift. During the four-year flowing life, the gravity ranged between 
29.4° and 30.7° A.P.I. As a probable cause of varying gravities, one 


TABLE 1.—Effect of Release of Pressure on Well Head 


Before After 

Change Change 
Well-head ‘presstire; Ib: per Ss) inl one. cuare susie ei ae oatsrske ieihel wales 70 10 
Trap pressure; lbs Per sq; ins, ee nese ca ie oe a ee ee eee ee 10 10 
Gas-oil ratiopcusitaper bbleraaeee oe et ne ee ee ae ees 1240 1726 
Saturation of gas, gal. gasoline per M. cu. ft................... 2.81 4.01 
Natural/gasoline vals pers bbiolle emanate oictor en icieene nee 3.48 6.92 
Gravity, of oi nv flowa tanks, aan ie eee eee ee 30.3° 28.4° 
Oil per day; DOU. 0s cm tlh oe aie ehenenie wii eu ae en eee tie 412 650 


might suggest the varying conditions of equilibrium within the flow string 
and in the drainage area immediately surrounding the well. The highest 
gravity was observed on the first month of production and the lowest on 
the fifth month. This low point was followed by a steady increase for 
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Fic. 1.—EFFrncr OF RELEASE OF PRESSURE ON THE WELL HEAD. 


two years. When the well was finally placed on gas-lift, there was an 
immediate drop of 1.5° in gravity. The low point observed under gas-lift 
operations was 27.2°. Under pumping operations the gravity again 
reached 30.0°, with an average over a considerable period of time of 29.8°. 
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The effect of the gas-lift is not always immediately noticeable. Usu- 
ally its application increases the pressure against the formation so that 
more gas is retained in solution as the oil enters the well. At first this 
may partly neutralize the effect of the introduction of the dry gas. 

The example shown is typical, although there have been instances 
when the introduction of a small amount of dry gas into a naturally 
flowing well was not immediately followed by a noticeable change in 
gravity. The usual drop did take place later however, when the quantity 
recycled was increased. 


© 95 GETS ac SINE a MEN Mga eh OS OG OL ST DD 
Fig. 2.—EFFECT ON GRAVITY OF CHANGING FROM FLOWING TO GAS-LIFT OPERATIONS. 


Wet versus Dry Gas Circulation.—Fig. 3 shows the difference between 
wet gas and dry gas in gas-lift operations. The well recorded was brought 
in with a highest observed gravity of 29.5° A.P.I. and a gas-oil ratio of 
1880 cu. ft. per barrel. The gasoline recovery was 1.58 gal. per 1000 cu. 
ft., making about 2.84 gal. of natural gasoline recovered per barrel of 
oil. Production was started with the compressor, but the well flowed 
without aid after once started. ‘The tubing pressure dropped from 475 to 
125 lb. in 25 days, and to 35 lb. before the well went on gas-lift. The 
gas-oil ratio had a uniform increase to 2300. A pressure of 3 to 5 lb. was 
carried on the trap. The gasoline recovery increased to 1.93 gal. per 
thousand or 4.43 gal. per barrel of oil. Wax trouble in the upper part 
of the tubing became serious during the second year. 

Under dry gas circulation, the gravity varied considerably, as recorded 
on several other charts, reaching a minimum of 26.9° A.P.I. 
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In the fourth year, the absorption plant was shut down and wet gas 
instead of dry gas was recycled. This was followed by an immediate 
increase in the gravity of the oil to a point equal to or in excess of the 
initial observed gravity. The effects of the change are shown in Table 2. 
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Fig. 3.—EFFECT OF SUBSTITUTING WET GAS CIRCULATION FOR DRY GAS IN GAS-LIFT 
OPERATIONS. 


Wax trouble in the upper 1000 ft. of the flow string ceased entirely under 
wet gas circulation. 


TABLE 2.—Wet Gas versus Dry Gas 


Production under dry gas circulation: 


Barrelsoiltperdaytennac. seat os ore es ee eee 129.4 
Barrelesnatutal gasoliniet.. eng sccm tele ake oe 13.4 

SL OUR cock ost ocak soln + has 142.8 
AVCTage PraVity) Of CrUceIOll fen tc ie ene arenes PY he Od Ne all 

Production under wet gas circulation: 

Barrels‘oil'per day neces ee ee eee ee 146.5 
Barrela natural pasoline jinn). » nent ene 6.9 

AL OL Ber ates echrsa cy teases Rea 153.4 
Average gravibyeor Crude Olle aan aerate oe oe eee 29.6° A.P.I. 


Effect of Periodic Intervals of Idleness—Fig. 4 shows the effect on 
gravity of shutting in a well and allowing the fluid level to build up on 
the pump. The oil from this well had a slight cut, which has been indi- 
cated at the bottom of the chart. The days on production each month 
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are also indicated. The practice on this well was to allow it to produce 
its allotment each month. This was done by producing for a sufficient 
number of days at the end of one month and continuing on into the next 
month. The well was then closed in for a period of perhaps 20 or 30 days. 
There are periods, however, of several consecutive months when no cur- 
tailment was taken. After each shut-in period, there were high points 
on gravity followed by low points after the well had been on production 
a few weeks. Where there was continuous production there was con- 
tinuous low. This well was shut in at one time while producing 23.8° oil. 
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Fic. 4.—EFFECT OF PRODUCING WELLS WITH PERIODIC INTERVALS OF IDLENESS. 


After being closed in for one month, on being placed on production, 
successive tanks during the next month had the following gravities: 
26.7°,/26.3°, 25.6°,.24.7°, 24.7°, 24.0°. 

In contrast to this graph, some pumping wells that are producing 
continuously show a close approximation to a straight-line decline in 
gravity. One record covering several years of a Brown zone well, at 
Long Beach, shows a drop of 1.3° A.P.I. in that time, with only 10 months 
where the gravity falls more than 0.2° above or below a straight line 
drawn between the beginning and end of the record. The extremes in 
variation are 0.5° above the line and 0.3° below the line. ; 

Effect of Vacuum on the Casinghead.—On Fig. 5 are plotted the 
gravity by months, the oil production by months in barrels, and the 
natural gasoline production by months in gallons. Roughly, the rela- 
tion throughout is one gallon of natural gasoline per barrel of oil. 
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The irregularities of the production curve are caused by curtailment. 
During the period of high fluid levels, the ratio of sere to oil drops 
and the gravity increases. 

Production methods of the offsets involved the use of a vacuum, which 
caused the same method to be used here. As no appreciable improve- 
ment was noted in the oil production, the practice was stopped, with 
the result that gas production dropped to zero with no improvement in 
_ the oil gravity. The practice was then resumed increasing the amount of 
vacuum, resulting in the production from the gas of 11 gal. of gasoline 
per barrel of oil, a quantity far in excess of the amount drawn from the 
oil produced indicating the extraction of gasoline from oil still left in 
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Fic. 5.—EFFEcT OF A VACUUM ON THE CASINGHEAD. 


the ground. The evil effects are appearing at the end of the graph, 
with a decreasing gasoline production and no improvement in the 
quantity or quality of the oil produced, which has already been bled of 
a considerable part of its gasoline content before it enters the well. 


Errect oF HIGH-PRESSURE TRAPS 


If the primary separation of gas is made at high pressure, we may 
expect to conserve the gravity of the oil. Mr. Lindsly has discussed this 
matter at length, so we will merely submit some data on a well that had 
been producing for some months previous to the installation of the 
high-pressure trap (Table 3). 


CONCLUSIONS 


As a result of the data we have accumulated, we can conclude that 
the following operating conditions help to retain the heavier vapor in 
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the oil and therefore conserve its gravity: (1) carefully regulated pressure 
control at the well head; (2) primary separation of gas at high pressure; 
(3) use of wet gas in gas-lift work; (4) high fluid levels; (5) smooth 
pumping motion. 


TABLE 3.—Effect of High-pressure Trap 


A.P.I. Gravity Gasoline Produced, 
of Oil Gal. per Bbl. Oil 
Before high-pressure trap was used........... 292° 7:38 
Wurm gauserol, sO0-lbetraps..2anseode saee..'- 30.6° 4.56 
OOS CtGMe ae Ce a See Poa bis alesse 26. 6° 11.8 


* There are no gravity data for the later stages of the flowing period, therefore the 
gas-lift figures cover a period some two years longer than the others. When the well 
was pumped later the gravity of the oil was around 30.0° A.P.I. 


Some of the causes of abrupt drop in gravity are as follows: (1) 
marked drops in well-head or trap pressures; (2) circulation of dry gas 
for gas-lift work; (3) low fluid levels; (4) poor pump operations. 
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DISCUSSION 


(A. H. Bell presiding) 


S. C. Hzroxp,* Glendale, Calif.—This paper seems to me to illustrate the principle 
that when we are producing oil and gas we are dealing with something very closely 
related to events taking place in an absorption plant. If we change the conditions of 
production in any way whatever we alter the amount of gas that comes with the oil 
from the well. We have, in fact, a choice in producing gasoline from the well—we 
can take it either with the oil or with the gas. This paper illustrates the fact that 
each change in production causes a change in the gasoline content of the gas and that 
of the oil. Naturally, if a greater amount of gasoline is allowed to come with the 
gas, a smaller amount is allowed to come with the oil, and because of this smaller 
amount the gravity of the oil itself is decreased. 

The author says that geologists may err when using gravity data. I suppose it 
would be true that if we could produce our wells without manipulating them in any 
way whatever the gravity of the oil would decrease throughout production. If we 
are trying to picture the situation existing within a reservoir or a structure, we know 
that the gas tends to accumulate on the crest and that water surrounds the pool. 
We may expect, before the first well is drilled, that there is a gas cap or something of 
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the nature of the gas cap on the top, that there is more free gas there than elsewhere 
in the reservoir, and that there is more gasoline on the crest per acre-foot of formation 
than there is on the edge of the pool near the water. But this does not mean that 
since the gas in the gas cap has a greater amount of gasoline the oil to the extent that 
it exists on the crest has less gasoline. We may, in fact, expect on the crest a high 
gasoline content of gas and a light gravity of oil, because of dissolved lighter fractions 
in such oil. 

It is not as simple to regulate production of gas in California as it is in some other 
fields. In fact, it is not easy to conserve gas in this state. We often regulate well 
performances for the purpose of controlling encroachment of water in the vicinity of 
the well. Gas production, water production, water encroachment, rather than oil 
production itself, are all very sensitive to manipulation of wells in California. Neces- 
sarily, then, there will be erratic changes in gravity at times in our fields; we cannot 
hope to produce oil in the ideal way, in a way in which we are led to believe it is being 
produced in the Mid-Continent field. 

It is impossible for the Mid-Continent field to have the variations in gravity that 
exist in California. Every well there has its own drainage area while every well in 
California is producing from one large reservoir. Gas cannot shoot from one well 
location to another in that area, whereas here it does so, carrying gasoline with it. 
As a consequence it is obvious that the gravity of oil can change almost daily in 
California, whereas it cannot do so to the same degree in the Mid-Continent. The 
approach of water to a well seems to mean a change in the gravity of oil. In the Mid- 
Continent field there is no such approach of water. In the Cushing field of Oklahoma, 
the water line surrounding the pool was located soon after discovery of the field in 
1915. Now over five hundred million barrels of oil has been taken out of that field, 
and yet the water line is today where it was in 1915. 

There is no field in California like the Cushing field. Encroachment here is some- 
times very difficult to measure but we can at least measure some movement towards 
definitely located edge wells. These wells respond by increasing the proportional 
production of water. In view of the fact that there is more trouble with water here 
than in the Mid-Continent, I do not believe we deserve some of the criticism we have 
had in the past regarding the manner in which we handle our wells, especially with 
respect to the amount of water itself, changes in the gravity of the oil and the changes 
in the gasoline content of the gas. 

Concerning the maintenance of pressure in the reservoir, when we in California 
get a sufficient number of wells to satisfy demand with a prorated production of 25 
or 50 bbl. per well, then we too can maintain the pressure in our reservoirs; and when 
we finish our Pliocene and Miocene production and drill down to the Permian, Penn- 
sylvanian, Mississippian, Devonian, and Silurian formations, provided they exist, 
then we too can do as well as they do in the Mid-Continent field. 
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Recent Developments Related to Petroleum Engineering 


By Josnpa JENsEN,* Memper A.I.M.E. 
(Los Angeles Meeting, October, 1936) 


Recent developments related to petroleum engineering discussed 
in this paper are: ; 

1. Drilling wells in with oil or the use of chemical compounds or 
“‘mud solvents” for removing rotary mud from wells in order to increase 
or make possible oil production. 

2. Comparison of results of electrical logging methods in locating 
water, as shown in a recent test on a well in the Los Angeles Basin. 

3. A new method for logging formations through casing, known as 
the Stratagraph. 


DRILLING WELLS IN WITH OIL oR THE USE OF CHEMICAL COMPOUNDS 
or Mup SoLuvents 


During the time that the California fields showed high gas pressures, 
the pressure of the gas within the formation was sufficiently great to 
break down the mud wall or cake formed while the well was drilling. 
That this did not always occur was demonstrated by the fact that in 
some of the older fields new wells sometimes had substantially higher 
initial productions than other wells near by. The explanation seemed to 
be that some sands were mudded off in the original drilling. Their 
pressure was then not great enough to break down the mud wall in com- 
petition with the higher pressure of the sands, but the situation reversed 
itself so that a later well benefited by the pressure in these originally 
weaker sands. As time passed, in wells deeper than 5000 ft. the difficulty 
of bringing wells on production became more pronounced. ‘This led to 
a hunt for substitutes, of which a number have been tried. The one 
that has proved most successful in our experience at Ventura is known 
as the Nobs solvent. 

At well No. 1 of the Associated-Ventura Land & Water Co. when it 
was recompleted in February 1936, about 10 days were spent in trying 
to bring the well in in the regular manner, but only about 113 bbl. of 
water could be swabbed from the well, and even this quantity decreased 
as time passed. The Nobs solvent was spotted in the bottom of the 
hole opposite the perforations, inverted Guiberson swab rubbers were 
used on the drill pipe and the hole was down-swabbed in stages, beginning 
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at the bottom of the hole. The well was allowed to stand and the mud 
was bailed from the hole. The down-swabbing was repeated and, after 
standing, mud was again bailed from the hole. This operation was 
continued as long as substantial quantities of mud were secured. It is 
estimated that more than two tons of solid material was taken from this 
particular well. When the well was placed on the pump, it built up a 
production of more than 200 bbl. of oil per day in less than 10 days, and 
at present is making 300 bbl. gross and 279 bbl. net. Its production is 
as great as that of old wells drilled during the time that gas pressures were 
high. This experience has been checked in several other wells. 

In spite of this, however, it must not be assumed that the solvent is a 
cure for all drilling troubles. Neither can it be said that it represents 
a final method of completing wells. 

Another method being used is to use oil as a circulating fluid in drilling 
wells in, rather than mud. In one well recently drilled, circulation was not 
re-established to the surface in drilling the last 800 ft. of hole. About 
18,000 bbl. of oil were used as drilling fluid. Despite this fact, the cut- 
tings made in drilling seemed to have gone into cavities or into formations 
in such a way as not to interfere with the production of the well 
upon completion. 

Experiments are still being conducted with oil as a drilling fluid and 
with the Nobs solvent for removing the rotary mud. The great fear 
that formerly existed when well pressures were high—that wells could 
not be drilled in at great depths after the gas pressure was gone—has, 
therefore, been eliminated by both of these methods. It is reasonable 
to hope that further improvements in the art of drilling will make it 
possible to secure all the production possible at a location without danger 
of mudding the sands so as to interfere with production. 


ReEsutts OF ELectTRicaAL LoaGinc Mretuops in LocatTinG WATER 


As is well known in California, there are at least two service com- 
panies that make electrical logs of drilling wells. In recent months one 
of these companies has stressed particularly its ability to detect the 
presence of water in oil horizons. The other service company has 
always made a similar claim, but has not particularly stressed this part 
of its service. There are times when the value of this information is 
very great. 

In the drilling of an edge well in one of the fields in the Los Angeles 
Basin, in order to make the best record possible, engineers of the Asso- 
ciated Oil Co. decided to core carefully the bottom 700 ft. of the hole. 
The first expected cementing point was around 6000 ft., but streaks of 
gray sand were found with the oil sand, so that the coring was carried on 
to 6212 ft., where after more than 50 ft. of oil sand had been found 
below a shale body, it was decided to cement the water string in the shale. 
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A successful shutoff was secured. Asa precaution, it was decided to core 
the entire oil zone. Continuous coring, beginning at 6212 ft., was carried 
on to 6605 ft. One may well imagine the disappointment that resulted 
from finding gray sand about 4 ft. below 6212 ft. While the core recov- 
ery was remarkable during this entire interval, only 3 ft. of the last 
15 ft. were recovered, consisting of 1 ft. of loose, coarse-grained oil sand 
and 2 ft. of firm oil sand. 

The two competing electrical coring instruments were run. One 
was able to run to a depth of 6598 ft.; the other ran to a depth of 6605 ft., 
but the right-hand side of its record was missing below 6560 ft. The 
operator reported best saturation from 6530 to 6595 ft. Based on coring, 
a cementing point of 6410 ft. was chosen, and this point was selected as 
the proper cementing point by one of the service companies. 

With the assurance of the core record, therefore, that nothing but oil 
sand was cored in the bottom of the hole, with the encouragement of one 
of the service companies that the best saturation was from 6530 to 
6595 ft., and with no warning from the service company that stressed 
its claim to identify salt water in oil zones, everything seemed to indicate 
that there was no trouble ahead. But when the well came in it produced 
300 bbl. of oil and 100 bbl. of salt water. In fairness to the service 
company that stressed its ability to locate salt water, it should again be 
stated that the right-hand curve of the record submitted, from which 
the water determination was to be based, ended at 6560 ft. In so far, 
however, as the oil company is concerned, the hole was open to 6505 ft. 
and the right-hand part of the record was made to that depth. 

When the well proved to be wet it was necessary to kill it and have a 
third service company make a run to locate the water. A very fine 
record, showing the location of the water from 6580 to 6595 ft., was 
secured just about in the interval where the last core failed to get a 
satisfactory recovery and also within the depths to which both service 
companies were able to run their instruments. The well was then plugged 
with cement to 6546 ft. When placed on production, and even after 
washing with the Nobs solvent, it was impossible to get more than about 
100 bbl. of fluid out of the hole, of which about half was water and the 
rest oil. This last evidence confirmed the last test made by the water- 
locating company that the water was in the bottom of the well. It did 
not conflict with the coring evidence because most of the last core was not 
recovered. One of the service companies again reviewed its record and 
claimed that, in addition to indicating as reported, the best saturation 
was from 6530 to 6598 ft., the record had been interpreted incompletely 
and that evidence of water at 6585 to 6590 ft. was indicated by a breaking 
back of its right-hand curve. 

The story of this well is told principally to bring out the fact that 
there is still room for progress in those methods of electrical coring that 
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from the same run attempt to identify the location of sands, shales and 
waters. It is sincerely to be hoped that progress in this direction will 
yet be made. Otherwise, it will still be necessary to rely on the water- 
locating devices that make their runs especially for the purpose of 
locating water. 


Loacina FoRMATIONS THROUGH CASING 


During the past year and a half the Oil Well Water Locating Co. has 
been experimenting in the hope of logging formations behind casings. It 
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is recognized and fairly well accepted, at least by a certain portion of 
the industry, that formations can be logged electrically in open holes. 
The new method developed in this experimental work is known as the 
“Stratagraph.’’ Within the present year it has been used successfully 
at Santa Fe Springs (Fig. 1) to locate oil sands only 25 ft. thick, and at 
Ventura it has been used to locate a gas sand. As the ability to make the 
record and to interpret it grows, this device should be of great value in 
old fields where it is desired to shoot casing to secure oil sands that have 
been left behind the pipe. 

The method is based upon the electromotive series of metals. Two 
circuits are established and nearly balanced against one another; the 
difference between the two making a record that is interpreted (Figs. 2, 
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3 and 4). Each of these circuits is so regulated with resistance that it 
has about the same strength as the other, their variations being affected 
by the electrical effect of the fluid in the formation, which serves as an 
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Fig. 2.—FIrRst CIRCUIT. 
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electrolyte. The first circuit includes a zinc rod driven in the ground 
approximately 150 ft. from the well. The current flows from the zinc 
rod through the earth to the casing of the well and is returned to the zinc 
rod from the casing through a wire in which the recording instrument 
and the resistance are placed. The second circuit includes a zinc plate 
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suspended on an insulated wire line inside the casing. The fluid in the 
casing may be oil-field water, fresh water, salt water or mud, but of the 
same consistency. This creates a constant electrolytic action between 
the zine plate and the casing. The current flows from the zine to the 
casing and from the casing through the earth to a copper ground located 
approximately 100 ft. from the well. It returns from the copper ground 
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through the recording instrument and the resistance down the cable to 
the zinc plate. These two currents flow in opposite directions. The 
only purpose of introducing the resistance in one of the circuits is to 
limit the swing of the needle of the recording device to the width of the 
paper on which the record is made. As the suspended zine plate is 
raised or lowered in the well, and comes opposite the different beds outside 
the casing containing fluids of different strength, currents of different 
magnitude are set up. Thus the record is made. Where the record 
swings widely to the left, it indicates shale and where it swings widely 
to the right, it indicates sand. 
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Chapter II. Production Engineering Research 


Flow of Gas-liquid Mixtures through Sands 


By M. Mousxar,* R. D. Wyckorr,* H. G. Borser* anp M. W. Meres* 
(New York Meeting, February, 1937) 


THE subject of the flow of homogeneous fluids—gases alone or gas- 
free liquids—through porous media may be considered at the present 
time to be fairly well completed. That is, analytical, graphical, numer- 
ical, or experimental methods are now available for obtaining detailed 
descriptions of the behavior of such homogeneous fluid systems of any 
reasonable geometry. Thus, satisfactory empirical techniques are now 
well established for the determination of the permeability of porous media 
for homogeneous fluids, the numerical magnitude of this permeability 
uniquely and completely describing a porous medium as a carrier of a 
homogeneous fluid. 

Considering this constant as known, the treatment of a wide variety 
of specific problems involving either the flow of gases or liquids has been 
carried through to satisfactory conclusions. Beginning with the simple 
case of strictly radial two-dimensional flow of a liquid or gas into a well 
under steady-state conditions, generalizations have been developed to 
apply for systems where the flow is not strictly radial, due either to a 
lack of uniformity in the reservoir pressures at points distant from the 
- well or deviations from circularity of the external boundary whereby 
the fluid is being supplied, and finally, to the lack of complete penetration 
of the well into the producing strata. Satisfactory descriptions are now 
available for cases where gravity is acting as the driving agent inducing 
the flow of liquid into the well, either alone or as a supplement to the effect 
of pressure. The effect of acid treatment on limestone wells has been 
given a reasonable interpretation on the basis of the fundamental theory 
of the flow of homogeneous fluids through sands, as have the important 
features of the problem of water-coning. Then, too, systems in which 
the outlet of the fluid from the underground reservoir is of a predomi- 
nantly multiple character may be now considered as in the domain of 
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tractable homogeneous fluid flow problems which may be attacked by 
analytical methods, electrolytic conduction models, or metallic conduc- 
tion experimental models. In particular, the theory of infinite groups 
of wells in line arrays and the mutual shielding and interference effects 
may be given an exact description. The associated problems of well 
offsetting with respect to lease boundaries are likewise amenable to treat- 
ment. Moreover, the particularly practical cases in which the multiple 
well systems are arranged in such regular arrays as are commonly used 
in water-flooding programs have been subjected to quantitative numerical 
analysis. Means are also available for extending the steady-state treat- 
ment of these problems to that of the transient state, in so far as these 
arise from the inherent compressibility of the liquid, such as has been 
carried through in detail in describing the history of the pressure decline 
of the East Texas field. Furthermore, these results have been made 
available for the discussion with a satisfactory degree of completeness of 
similar problems occurring in the production of gas from underground 
reservoirs. And finally this development of the subject of the flow of 
homogeneous fluids through porous media, which has to a large extent 
been accomplished by those engaged in activities of the petroleum indus- 
try, has even been extended to a certain degree to such related fields as 
hydrology and civil engineering. For now it is possible to discuss quanti- 
tatively such questions as the drainage of water-logged lands by tile 
drains, the seepage of water out of canals or ditches, the uplift pressures 
on dams with and without sheet piling, and the seepage flux through dams 
of arbitrary geometry. 

Although a great many problems of practical petroleum production 
can be treated satisfactorily on the assumption that the fluid moving in 
the sand is homogeneous and essentially gas-free, and hence by such 
methods as used for the treatment of the problems mentioned above, it 
must be admitted that the extremely important problems of pressure and 
production decline, ultimate recovery, well spacing, and gas repressuring 
are definitely beyond the scope of the homogeneous fluid theory. In the 
discussion of these, the presence of gas in the reservoir pores cannot be 
ignored. Indeed it is only because of the gas that is originally dissolved 
in the oil and subsequently escapes and expands as the pressure is released 
that the oil production in profitable quantities can be obtained at all, 
except in the restricted class of water-drive fields exemplified by the East 
Texas oil field. In fact, the gas is the sine qua non of the oil production, 
since the expansion of the oil itself would be entirely negligible in pro- 
ducing volumes of oil of economic significance. And as we shall see 
later, the gas must actually be treated on an equal basis with the oil, so 
that a complete theory of the flow of the gas-oil mixture will involve a 
description of the flow of the gas phase that is just as detailed as that 
of the flow of the liquid phase, 


a 
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It might be thought that one could synthesize theoretically a gas- 
liquid mixture system as the composite result of a combined flow of a 
homogeneous gas and a homogeneous liquid. If this were so it would 
indeed have been most fortunate, as it would have spared the authors 
three years of experimental and analytical effort spent in what at times 
seemed to be hopelessly futile attempts to obtain the results to be reported 
here. Moreover it would make unnecessary the extended program of 
research that is being conducted in the extension of the results obtained 
thus far with unconsolidated sands to the case of consolidated sands. 
That the resultant flow of a gas-liquid mixture is not simply an elementary 
combination of that of two separate phases flowing as homogeneous fluids 
is, of course, ultimately proved by experiment. However, one may 
readily convince himself of the unlikelihood that it would be so even with- 
out experimental tests, when one asks himself the question as to how to 
take account of the constant evolution of the gas from the liquid phase 
in terms of homogeneous fluids, and how to express the permeability of 
either phase when in the presence of the other. 


THE EXPERIMENTAL PROBLEM AND THE TECHNIQUE USED IN ITs 
SOLUTION 


Resigning then to the task of attacking the problem by direct experi- 
mental means, the first question that arises concerns the nature of the 
physical quantities that must be determined in order to give a complete 
description of the flow system. A little consideration shows that they are: 

1. The liquid content or saturation of the sand which, of course, 
determines the free gas content. 

2. The rate of flow of the liquid. 

3. The rate of flow of the gas. 

4. The pressure gradients inducing the flow. 

In principle, at least, the determination of the pressure distribution 
in the sand is obviously the simplest, as it necessitates only providing 
the flow tube or sand column with a series of manometers or pressure- 
indicating devices appropriately distributed along the length of the flow 
system. Under conditions of steady-state flow—that is, when the pres- 
sures and velocities in the system have become constant and independent 
of the time—the rate of flow of the liquid is also easy to measure, as it 
is given by the rate of liquid efflux, which must necessarily be the rate of 
flow everywhere along the length of the column. The determination 
of the rate of gas flow, even under steady-state conditions, necessitates 
a simultaneous measurement of the liquid saturation distribution in the 
flow system. Thus if the latter is known‘as well as the pressure distribu- 
tion, one can easily compute the gas velocity at any point in the system 
from that measured at the efflux terminal by taking into account the 
local liquid contents and pressures along the length of the flow column. 
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For obviously the free gas velocity at any point is simply that at the 
outflow end minus the quantity of gas that has been evolved between the 
point of interest and the efflux terminal. 

The fundamentally new empirical element that must therefore be 
determined is the distribution of the liquid saturation or free gas content 
along the flow column. This was found by making the liquid supply 
conducting, and then by means of an alternating-current bridge measuring 
the increase in resistance of sections of the column due to the formation 
of free gas bubbles within the sand body. For it is clear that since the 
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gas is nonconducting the resistance of such a section of sand will increase 
as the conducting liquid is displaced and a larger fraction of the pores 
is occupied by the free gas. Of course, to make quantitative use of this 
principle calibration tests had to be made so as to give the exact relation 
between the conductivity of the sand and the free gas volume or liquid 
content. The calibration curve so found is shown in Fig. 1, where data 
are plotted which were obtained from three different unconsolidated 
sands varying in porosity from 27.76 to 42.97 per cent and from a con- 
solidated Berea sandstone of 19.65 per cent porosity. The liquid used 
was water saturated with COs. Within experimental error no differences 
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were observed between the various porous media, so that the results may 
be given a wide range of validity. 

To apply this method of measuring liquid saturations or free gas 
contents to the actual flow experiments, it was necessary that the flow 
tube be provided with appropriately spaced electrodes for the conduc- 
tivity measurements. These electrodes were combined with a pressure- 
measuring device in the form of piezometer rings, which gave pressures 
that actually represented the averages over the entire circumference of 
the sand column and avoided the difficulties and fluctuations resulting 
from the use of single-opening pressure tubes. The details of the piezom- 
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eter ring coupling are shown in Fig. 2. In order to be certain that the 
current flow was confined only to the conducting liquid, the electrode 
and piezometer rings were separated by Bakelite tubes forming the sec- 
tions, which together constituted the flow tube. The complete assembly 
of apparatus is shown in Fig. 3, in which are indicated the manometers 
‘connected to the piezometer rings, the conducting leads from the latter 
to a Leeds & Northrup 60-cycle a.c. bridge, the inflow connections for 
the liquid and gas, and the outflow separator that permitted individual 
measurements of the liquid and gas effluxes. The mercury in the manom- 
eters was separated from the conducting flow liquid, which communicated 
with the flow tube by 5-cm. columns of dibutylphthalate. The composite 
flow tube of 10 sections had an over-all length of 10 ft., an inside diameter 
of 2 in., and was capable of withstanding 125 lb. pressure. 

When standing vertically, the tube was carefully filled with known 
weights of sand of the desired grain size, previously wetted in distilled 
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water. Each addition of sand was tamped in place until homogeneity 
of the completed sand column was attained, this being tested after the 
flow tube was set into place by measuring the permeability of the indi- 
vidual sections. The porosity of the sand was determined from the 
known volume of the tube, the weight of the sand introduced, and its 
grain density. The tube was first filled with a gas-saturated liquid, the 
pressure being maintained above the saturation pressure of the gas so 
as to make sure that no free gas was released within the sand body, this 
condition being readily checked by the electrical resistance measurements. 
When a sufficient volume of liquid had been flushed through the tube to 
insure the elimination of any water or free gas originally present, the 


Fig. 3.—ASSEMBLY OF APPARATUS. 


flow was carefully regulated for a constant rate and simultaneous measure- 
ments were made of the rate, pressure drop, and electrical resistance across 
each section of the tube. The auxiliary gas pressure on the supply tank 
was then reduced to a value just slightly above the saturation pressure 
of the liquid and the inflow and outflow needle valves on the sand column 
were adjusted so that the pressure within the flow tube was slightly below 
saturation pressure. A small amount of gas was then released continu- 
ously within the sand body and flowed through the system along with 
the liquid. When steady-state conditions were reached the rates of flow 
of gas and liquid and the resistances and pressures were measured simul- 
taneously. This process of gradually decreasing the absolute pressure 
within the flow system so as to increase progressively the volume of free 
gas released within the sand was continued until the outflow section of 
the system reached atmospheric pressure. At this point, in order that 
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the ratio of the free gas to liquid might be increased beyond the solution 
ratio, an auxiliary gas inlet at the inflow end, feeding CO, from the supply 
tank, was opened to the flow tube. In this manner the gas-liquid ratio 
flowing through the system was varied from zero during the initial stage 
to very high values at the completion of a series of observations, such a 
series frequently requiring an entire week for the complete cycle. 


EXPERIMENTAL RESULTS 


A physically reasonable representation of the data obtained by the 
experiments described above may be derived by analogy with the corre- 
sponding problem in the study of homogeneous fluid systems. It will 
be recalled that the fundamental empirical result governing the whole 
subject of the viscous flow of homogeneous fluids is Darcy’s law stating 
that the fluid velocity is directly proportional to the pressure gradient 
and inversely proportional to the fluid viscosity, the constant of propor- 
tionality being termed the permeability of the porous medium, and 
uniquely defining the latter from the hydrodynamic point of view. It 
is therefore natural to suppose that a heterogeneous fluid consisting of 
a mixture of gas and liquid phases will also be described by a law of pro- 
portionality between the fluid velocity and the pressure gradient. How- 
ever, one must now distinguish between the fluid phases to which the 
velocity refers, that is, whether gas or liquid, and moreover the coefficient 
of proportionality cannot be expected to be a constant independent of 
the nature of the fluid mixture. Indeed, these may well be expected to 
depend upon the volume composition of the mixture, the variability of 
which is really the significant feature giving rise to the fundamental 
difference between the problems of the flow of homogeneous and hetero- 
geneous fluids through porous media. For if the volume composition 
of the mixture were the same at all points of the medium, it would only 
be necessary to change the effective permeability and porosity of the 
medium for either component to reduce the problem to that of the flow 
of homogeneous fluids, as can actually be done in the treatment of the 
steady-state flow of two immiscible liquids. 

Hence, expressing the volume composition of the mixture by the liquid 
saturation of the medium, p—the part of the pore volume instantaneously 
occupied by the liquid—it is clear that this same saturation will also 
determine the effective permeability of the medium for either component 
of the mixture. For if we now denote by the permeability the macro- 
scopic velocities of the individual fluid phases in the mixture per unit 
pressure gradient, it is apparent that the permeability for either the gas 
or liquid phase will increase as the fractional volume of the pores occupied 
by either increases. Thus when the medium is completely saturated 
with liquid the gas permeability will be zero, since no free gas phase is 
actually being transmitted through the medium. Likewise, when there 
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is no liquid phase present the liquid permeability will be zero, as no liquid 
is being produced even though the medium is subjected to a nonvanishing 
pressure differential. Moreover, these local liquid saturations will change 
from point to point in the system as the pressure varies. It follows that 
the porous medium itself must be considered as changing from point to 
point, and can therefore no longer be defined by a single invariable per- 
meability. Rather one must generalize this concept, which is based upon 
the assumption that all the interconnected pores of the medium are filled 
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by the fluid it is bearing, and assign to the medium a local structure 
defined by the local saturation, the latter in turn uniquely determining 
the local permeabilities for both the gas and liquid phases of the mixture. 

These considerations clearly lead to the result that the fundamental 
empirical element to be deduced from such gas-liquid mixture experiments 
as described above is the relation between the permeabilities of the gas 
and liquid phases and the volume composition of the mixture, or the 
liquid saturation. These relations being given, all the necessary elements 
for formulating mathematically the hydrodynamics of heterogeneous 
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fluid systems analogous to that of homogeneous fluid systems will be 
available. It is therefore natural to express the results of the experiments 
in the form of curves relating the gas and liquid permeabilities to the 
liquid saturations. Such a pair of curves, obtained with a 70 to 120-mesh 
sand having a homogeneous fluid permeability of 17.8 darcys, is shown 
in Fig. 4, the permeabilities being expressed as percentages of the homo- 
geneous fluid values and the saturation as percentages of the total pore 
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content. <A similar pair of curves obtained with heterogeneous sand 
having a normal permeability of 44.3 darcys is given in Fig. 5. In fact, 
experiments with still other sands show that for practical purposes the 
curves for the permeabilities k, and k; may be considered to be inde- 
pendent of the nature of the unconsolidated sand, as is shown by Fig. 6, in 
which the permeability-saturation data are shown for four different sands 
including the two of Figs. 4 and 5. Moreover, further experiments have 
shown that these curves are not materially changed by variations in the 
_viscosity of the liquid, by using sugar and water solutions of 3.4 centipoises 
viscosity, nor by variations in surface tension, as found in tests on water- 
alcohol solutions of 27 dyne cm. surface tension. 
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Drrect IMPLICATIONS OF THE EXPERIMENTAL DATA 


Although one may anticipate that if the accuracy of the experiments 
were materially increased variations of the curves with the fluid viscosities 
and interfacial tension would actually be found, it seems certain that 
the principal features of the permeability vs. saturation curves shown in 
Figs. 4 to 6 are fundamental characteristics of gas-liquid mixtures. These 
principal features are: 
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1. The sharp drop in the liquid permeability and the very slow rise 
in gas permeability for small amounts of free gas dispersed through 
the sand. 

2. The attainment of an almost complete homogeneous fluid per- 
meability for the gas even with the presence of 10 to 20 per cent of liquid 
within the pores of the sand. 

3. The property that for a given sand steady-state conditions cannot 
be maintained until the gas saturation has built up to a certain minimal 
value, thus indicating an effective locking of free gas in the pores until 
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enough is accumulated so that further additions will be flushed out by 
the flowing fluids. 

The first feature leads to a rapid drop in the sum of the liquid and 
gas permeabilities below the normal or homogeneous fluid permeability 
as free gas develops in the pores. This fact immediately shows that the 
interaction of the two fluid phases is an important part of the dynamics 
of the system. For if they moved entirely independently it would, of 
course, be expected that the sum of the gas and liquid permeabilities 
should simply equal the normal fluid values, and that the curve for each 
should be a diagonal across the diagrams of Figs. 4 to 6. Moreover, it 
shows that there is considerable energy dissipation in the system in addi- 
tion to that caused by the direct viscous friction. As similar experiments 
with oil flowing through water-wet sand have given the same type of 
permeability curve for the oil, it follows that these energy losses are not 
due simply to the elastic vibrations of the gas bubbles. Rather, one 
must attribute them to the composite effect of the friction losses in the 
local eddies in the liquid resulting from the continuous forming and 
breaking of the interfaces between the gas and liquid phases and the 
transient Jamin effect exerted by a part of the flowing gas. As already 
anticipated above, this one fact alone proves that the synthesis of a gas- 
liquid mixture system as a simple combination of two homogeneous fluid 
phases would be but a very poor approximation. 

The fact that the gas permeability attains almost 100 per cent of its 
normal homogeneous fluid value even when some 20 per cent of the sand 
pores are occupied by liquid may also be given a direct physical inter- 
pretation. For it simply shows that the remaining portion of the liquid 
must not appreciably interfere with the flow of the gas. An immediate 
inference from this is obviously that the liquid present in the pores under 
such conditions of flow is localized about the contacts between the sand 
grains and in the sharp-angled parts of the pores, which even in a homo- 
geneous fluid system probably contribute but little to the total fluid flux. 
That is, these small percentages of liquid are retained in the effectively 
dead spaces of the system and affect only slightly the main course of 
the flow. 

A consideration of the gas-liquid ratios in the gas-liquid mixture 
systems throws further light on these features of the flow. Thus from 
the definition of the gas and liquid permeabilities it follows at once that 
except for the constant factor involving the fluid viscosities the ratio 
k,/ki gives effectively the gas-liquid ratio through the system. Using 
the average curves of Fig. 6 this ratio is plotted against the liquid satura- 
tion in Fig. 7. Here the two features discussed above are shown in an 
even more striking manner. Thus the very low gas permeabilities for 
small free gas contents give extremely low values of the gas-liquid ratio 
at high liquid saturations, and the rapid rise of the gas permeability 
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together with the negligible interference caused by the entrained liquid 
leads to extremely high gas-liquid ratios for small liquid saturations. 
Before discussing some of the further implications of this gas-liquid 
ratio curve, it is well to consider the last salient feature of the individual 
gas and liquid permeability curves mentioned above. For the experi- 
ments have shown it to be an 
empirical fact that it is impossible 
| to maintain steady-state condi- 
180 = tions for any arbitrarily high value 
170 Lee of the liquid saturation. On the 
| contrary, it is found that even if 
the gas-liquid ratio flowing 
through the system should be ex- 
Bo | tremely small, and if one begins 
130 with complete or very high liquid 
120 saturations, the liquid will be 
gradually displaced and gas will 
accumulate until at least a certain 
minimum fraction of the pore 
content is filled before the flow 
conditions become steady. The 
permeability at this limiting 
saturation has been termed the 
“equilibrium permeability,” and 
the saturation as the “‘ equilibrium 
saturation.” If, by increasing the 
flow of gas, the saturation is 
reduced below the equilibrium 
value, the permeabilities will slide 
down along the curves shown to 
Dat eons ah tan ~7 oo Some New equilibrium value where 
TE ee steady-state conditions will be 

Be BE area sarunatiog. =A710T° automatically established. And 
conversely if one begins with 

the state of flow where the liquid saturation is lower than the equilib- 
rium value, and the gas flow is decreased, the permeabilities and satura- 
tion will slide upward along the curves. However, it has been found 
that flow systems having liquid saturations above the equilibrium value 
cannot be maintained permanently in stable conditions. When the 
system begins from a very high or complete liquid saturation the con- 
tinuous accumulation of free gas volume obviously corresponds to an 
effective locking of at least part of the flowing gas within the pores and 
displacement of the liquid until enough is accumulated to lead to a flush- 
ing action of the gas. Although it has not yet been possible to develop 
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a quantitative explanation of this behavior, it must be recognized as one 
of the most characteristic properties of the dynamics of gas-liquid mixture 
flow. The magnitude of the equilibrium permeability, of course, varies 
with the nature of the sand and somewhat with the character of the fluids. 
However, there appears to be a distinct correlation between these equilib- 
rium permeabilities and the normal homogeneous permeability as shown 
in Fig. 8, so that a determination of the latter permits at least an approxi- 
mate prediction of the equilibrium conditions when mixtures are flowing 
through the sand. 

While this rather peculiar behavior, in which gas-liquid mixtures with 
low gas-liquid ratios automatically tend to attain equilibrium conditions 
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by the accumulation of free gas in the pores of the sand, may appear at 
first thought to be only of academic interest, actually it represents one 
of the most fundamental properties of the gas-liquid mixture systems 
from a practical point of view. For it is clear that whatever the experi- 
mental results might have been it is just the region of high liquid 
saturations that corresponds to the practical field conditions of oil pro- 
duction, since we know that the recoveries in the latter are usually limited 
to 20 to 35 per cent. The specific result that transient states cannot be 
maintained above the equilibrium conditions therefore implies that a 
sand containing a liquid saturated with gas will, upon the lowering of 
the liquid pressure, automatically tend to expel enough of its liquid until 
the liquid saturation will have fallen to at least the equilibrium value. In 
other words, there is a definite tendency in such systems for the produc- 
tion of at least a minimum amount of the liquid as long as the gas content 
is not too small. For the unconsolidated sands used in these experiments 
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this limiting gas content corresponds to a gas-liquid ratio of the order of 
10 c.c. per c.c. Hence as long as this gas content is exceeded, one may 
expect that the liquid recovery from an unconsolidated sand body upon 
release of pressure will everywhere reach at least a certain minimum 
value, defined only by the equilibrium saturation and quite independent 
of the rate of the release of the pressure or the geometry of the flow system. 

That this deduction from the fundamental flow experiments has real 
validity is verified by actual tests on the total production obtained from 
columns of various unconsolidated sands filled with gas-saturated liquids 
when simply allowed to produce by release of pressure at one end. The 
results are shown in Table 1, showing that within the limits of experi- 
mental error the total production does correspond to the equilibrium 
saturation previously obtained by direct flow experiments. Moreover, 
the tests with the 30 to 100-mesh sand at different saturation pressures 
and gas-liquid ratios show that as long as the ratio exceeds the value of 
the order of 10, the recovery is largely independent of this ratio and has 
the minimum equilibrium value. 


TaBLeE 1.—Experiments on Fluid Production from Different Sands at Flow 
Rates Comparable with Those Encountered at Reasonable Distances 
from Producing Wells 


Grain Size ko Q1 v1 Qo R Per Cent Par Cant 


20—- 30 | 261 “| 144 O78 c10R 
40— 60 59.4 119 7.04 X 1075 | 2410 
70-120 16.1 87 5.60 X 1075 
30-100 45.9 | 114 2800 


. 2 
30-100 45.9 | 117 1400 83.9 | 85.4-87.2 
30-100 45.9 84 700 88.8 | 85.4-87.2 


ko = homogeneous fluid permeability in dareys. 
Q: = volume liquid produced. 
= average liquid velocity (c.c. per sq. cm. per sec.). 
Q, = volume gas produced (e.c.). 
= gas-liquid ratio (c.c. per c.c.). 
p per cent = saturation (production experiment). 
pe per cent = equilibrium saturation (from curves of Figs. 6 and 8). 


Although the production of the minimum ultimate recovery seems 
to result from a process that is practically independent of the production 
methods, it is not to be concluded that the total ultimate recovery from 
a sand is also entirely beyond the control of the operator. For if one 
increases the gas-liquid ratio and enters the region where steady-state 
conditions of flow are possible, one can, of course, attain in principle any 
arbitrary degree of liquid depletion. However, from a practical point 
of view the power of the operator to change materially the recovery is 
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still rather limited. Thus returning to Fig. 7, showing the gas-liquid 
ratios as a function of the liquid saturation, it will be noted that states 
of flow with liquid saturations less than 40 to 50 per cent require extremely 
high gas-liquid ratios. In fact, if the liquid saturation is to be pushed 
below 25 to 30 per cent, the necessary gas velocities will be so tremendous 
that the major part of the further depletion of the liquid will probably 
result from evaporation rather than from direct mass flow. Since the 
efficiency of production is inversely proportional to the gas-liquid ratio, 
it follows that the efficiency will decrease very rapidly as attempts are 
made to increase the recovery to exceed appreciably that given by the 
minimum equilibrium conditions. Applying these considerations to the 
problem of secondary recovery by gas injection, it becomes clear that 
the efficiency of such methods cannot be expected to be high except when 
the gas can be injected into gas caps or other structurally favorable parts 
of the reservoir, where it can exert a pistonlike effect upon the liquid 
and not simply channel through as the gas phase of a gas-liquid mix- 
ture system. 

It should be emphasized that all the results discussed thus far as well 
as those to follow are based explicitly upon experiments performed with 
unconsolidated sands. While it is doubtful whether entirely new features 
will appear when the experiments are extended to consolidated sands, one 
must anticipate changes in the quantitative phases of the empirical data 
that may well have considerable effect upon the practical implications 
such as we have drawn here. Thus, for example, it is not inconceivable 
that the equilibrium saturation for typical consolidated sands might be 
as high as 90 per cent, so that more than half of the actual ultimate 
recoveries from oil-producing reservoirs may be the result of flow condi- 
tions that are definitely below the minimum equilibrium range. Under 
such circumstances, of course, the manner of production will play a far 
more important role than might be inferred from the experiments with 
unconsolidated high-permeability sands. 


ANALYTICAL FORMULATION OF THE HyDRODYNAMICS OF HETEROGENEOUS 
FLUIDS 


Although we have seen that a number of deductions of practical 
importance can be derived directly from the original experiments with 
linear flow columns, their application in a quantitative manner to systems 
of different geometry and such as correspond more closely to practical 
field operations requires an analytical formulation of the results. Unfor- 
tunately, the development of explicit numerical results from such a 
formulation is an extremely difficult problem, and even for systems of 
simple geometry it requires a very laborious and extended numerical 
program. However, as many of the important practical problems of oil 
production can be answered only by such analytical deductions from 
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the elementary basic experiments, we shall briefly outline the nature of the 
results thus far obtained by analytical means. ; 

A little consideration will show that the necessary and sufficient 
elements involved in the formulation of the hydrodynamics of hetero- 
geneous or gas-liquid mixture systems are the following: 

1. A statement of the viscosities uy, wi of the gas and liquid phases, 
together with their dependence, if any of importance, on the pressure 
and other variables. 

2. A statement of the solubility s of the gas in the liquid, and its 
‘equation of state” in the forms: 


S=sp; y=oep [1] 


where S is the mass of gas dissolved in unit volume of the liquid, and 
y is the density at the pressure p. These assume, of course, that the gas 
obeys the ideal gas laws as well as Henry’s law. However, their equiva- 
lent equations taking into account deviations should, of course, be used 
when these deviations are significant. 

3. The ‘‘laws of flow” for the gas and liquid phases, as: 


By = —(kg/uo) VD; 0. = —(ki/u)Vvp [2] 


where 3), 3, are the macroscopic vector velocities—volume fluxes per 
unit area of the medium—of the liquid and free gas phases, wi, w, are 
their viscosities, and k;, k, are the permeabilities to the liquid and gas. 

4. The empirical relation between the gas and liquid permeabilities 
and the liquid saturation p, as: 


k, = koF (pe); ki = koF i(p), [3] 


where ko is the homogeneous fluid permeability and p is the actual liquid 
saturation divided by the normal porosity f. 
5. The equations of continuity for both the gas and liquid, which are: 


V+ (vd,) + V+ (Sd:) = —f(0/dt) {Sp + y(1 — p)} 
and [4] 
V-0: = —fdp/dt 


Combining these, we finally obtain for systems of uniform homo- 
geneous fluid permeability: 
£9. (pF,(o)vp} + 29 - {pFi(o)vp} = £2 pfsp + (1 — p)} 
Kg Ki ko ot - 


Jura MI 


Vv: {File)vp} = ko at 


in the two variables p and p, yi, 4,, sand c having been taken as constants. 
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These represent. the fundamental equations which will govern the 
flow of heterogeneous fluids through porous media. As already indicated, 
the functions F,(p) and F;(p) must be predetermined empirically by such 
means as were described in the first part of this paper, and are to be 
considered as physical data to be provided together with the quantities 
¢, 8, f, Mo, Hi before any numerical analysis of a particular flow problem 
can be attempted. 


SoME STEADY-STATE SOLUTIONS 


For the conditions of the steady-state, analytical solutions of these 
equations can be derived for the cases of radial, linear and spherical flow. 


xQ) m/e Ko Ps 


Fic. 9.—STEADY-STATE DISTRIBUTIONS OF p, k} AND p IN A LINEAR SYSTEM. 


Thus for the case of linear flow, the saturation distribution can be shown 
to be determined by the equation: 


, av 
Rho, (° F (o) qo de if 
w(p) = —T2Q, |, ¥@) + al” 


where the saturation at x = 0 is pz, Q is the liquid flux through the sys- 
tem, and R = Q,/Qi, which is the gas-liquid volume ratio of the flux, as 
measured at atmospheric pressure, Q, being the total volume gas flux 
through the system; V(p) = F,(p)/Fi(p), and a = su,/cui. 

Knowing the saturation distribution, that is, p as the function of Le, 
the permeability distribution can be immediately derived by applying 
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equations 3 or by using directly the original permeability vs. saturation 
curves as shown in Figs. 4 to 6. The pressure distribution can then be 
obtained by using the easily derived relation: 


p = (Ru,/m)/(¥(e) + @) [7] 


Applying this procedure to the empirical data for water-carbon dioxide 
mixtures for which: 


s/c 


M1/ bg 


0.88 c.c./c.c./atmos 
59.3; a = 0.0148. [3] 


and for F;(p) and F,,(p) the curves of Fig. 4, distributions of p, k; and p are 
obtained such as shown in Fig. 9. 
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Fig. 10.—RELATION OF FLUX TO PRESSURE DIFFERENTIAL IN A STEADY-STATE LINEAR 
SYSTEM. 


It will be seen from this figure that the saturation remains quite 
uniform and the pressure closely linear until the abscissa rQiyi/akops 
exceeds the value 20. In this range therefore the flow approximates that 
of a homogeneous fluid, although the effective average permeability for 
the liquid is only 70 per cent of the homogeneous fluid permeability. If, 
however, the output pressure is kept effectively at zero so as to include 
regions where the saturations and permeability have fallen appreciably 
below their equilibrium values, the over-all average permeability of the 
flow system will be only 61 per cent of the homogeneous fluid permeability. 

Translating these results in terms of the flux Q; as a function of the 
pressure differential, gives the curve of Fig. 10. Here too the flux 
increases almost exactly linearly with the pressure differential until the 
outflow pressure has fallen to less than half of the saturation pressure, 
beyond which the decreasing permeability near the outflow end cuts 
down the flux so that it increases less rapidly than the pressure differential. 
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These results may be extended to systems in radial and spherical 
flow, the formulas for the saturation distribution being given by: 


dw 
ek (p)-7 de 


; Te 2rhkoaps 
Radial flow: log =. = eal [v(p) + af? [9] 
dy 
P Le mee: 4nkyap, (” File) 4 
Spherical flow: 7-7 = On: iv Gey eeea? [10] 
p 


where p, is the equilibrium saturation at the boundary r = r, where the 
pressure has the saturation value p,. The saturation permeability and 
pressure distributions for the radial system analogous to those given in 


fe) 50 100 1SO 200 250 300 350 400 450 500 


1 (ft) = distonce from well center 
ies 11.—SaATURATION, PERMEABILITY AND PRESSURE DISTRIBUTIONS FOR RADIAL 
SYSTEM. 


Fig. 9 for the linear system, are shown in Fig. 11, the ratio of external 
boundary to well radius being taken as 2000. Here should be noted the 
extreme localizations about the well center of the drops in the saturation 
and permeability below their equilibrium values. However, although the 
highly localized saturation variation means only an extremely small 
change in the total liquid volume content of the sand from that in a uni- 
formly saturated (to equilibrium value) sand, the drop in the permeability 
near the well does result in an appreciable increase in the concentration of 
the pressure gradients about the wellcenter. This will be clear on compar- 
ing the heterogeneous fluid-pressure distribution indicated by curve II 
with that for a homogeneous fluid system given by the dotted curve. 
The variation of the flux in radial and spherical systems with the 
pressure differential will be identical with that shown in Fig. 10 for the 
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linear case provided only that one interprets the ordinates of the latter 
to be: 
Hi(1/rw — 1/re) 


Mi log re/Tw Q 
h 4rkoaps 


Qahkoape ae 


for the cases of radial and spherical flow, respectively. Thus for a fixed 
pressure differential ((p. — p)/ps), the flux Q; will vary with the geo- 
metrical dimensions h, r., Tw» of these heterogeneous fluid systems in 
exactly the same manner as does that in the corresponding homogeneous 
fluid system. 


History OF THE PRESSURE DECLINE IN A LINEAR RESERVOIR 


When one leaves the domain of steady-state conditions of flow and 
begins to consider the problem of transients it is quickly found that 
analytic solutions are no longer possible. Rather one must resort to 
numerical methods of solution. That no other recourse is available 
becomes clear when one notes that even for the simple case of linear flow 
the differential equations to be solved have the nonlinear complex 
form given by: 


Op _ 7 9'P , OFi op 
ai gs + OE Oa 
fe c\ (op cédp | Fa 0p\ , 14F, op 
it (1- Sh = ple a tae Tha eee te [11] 


where % and ¢ are the dimensionless variables: 


E=2/L; t= kot/ful? [12] 


L being the length of the system, and the pressure being measured relative 
to a unit pressure that is supposed to be multiplied in the right side of the 
equation for f. 

In order, however, to give some indication of the implications of the 
experimental results described above with regard to the practical problem 
of pressure and production decline of an actual oil reservoir, a numerical 
stepwise solution was obtained for the simple case of a uniform linear 
column initially filled with liquid saturated to a pressure of one unit, and 
subsequently opened at one end to 49 unit pressure. s/c was taken as 1 
and a as 0.01. The results of this calculation are as follows: The history 
of the pressure decline throughout the system is shown by the curves in 
Fig. 12. Little need be said about these curves, as they are obviously 
what would have been expected from elementary considerations. 

The production decline from the system, shown in Fig. 13, is also 
devoid of features that might not have been anticipated without any 
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detailed calculations. The situation, however, is quite different when one 
considers the history of the tien distribution or liquid depletion, 
shown in Fig. 14. Here the distribution during the early stages of the 
production history is indeed of the nature that one might intuitively have 
anticipated from general physical arguments. For, as Fig. 14 shows, the 
saturation near the outflow surface drops rapidly as the pressure is 
released and the depletion wave travels only slowly to the distant parts 
of the sand. However, when one follows through the history of the pro- 
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Fig. 12.—HIstoRY OF PRESSURE DECLINE IN LINEAR CHANNEL WITH ONE TERMINAL 
CLOSED AND THE OTHER OPENED TO PRODUCTION. 


duction to its later stages one finds that the growth of the depletion near 
the outflow surface has practically died down, whereas that in the distant 
parts of the sand has reached significant magnitudes. In fact, when the 
stage of complete physical depletion is reached, that is, when the pressure 
has everywhere fallen to’ the outflow value, the saturation at the most 
distant point in the sand is only 5 per cent ee than that at the 
outflow face. 

- To see what this means in more he arcal terms we may suppose that 
the sand column is 300 ft. long, has a porosity of 20 per cent, a permeability 
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of 100 millidarcys, and is originally filled with a liquid of 10 centipoise 
viscosity saturated with gas to a pressure of 10 atmospheres. Then it is 
found that after two days of production the pressure has dropped appreci- 
ably only within the first 45 ft. of the outflow face, the saturation has 
dropped to 81 per cent at the outflow face, but is still approximately 
100 per cent beyond a distance of 60 ft., and the production rate has a 
value of 0.01 bbl. per day per sq. ft. of sand. After 97 days the wave of 
pressure drop has just reached the closed end of the column at 300 ft., 
the liquid saturation at the outflow face has fallen to 73.5 per cent and 
even that at the distant closed face has dropped somewhat, namely, 
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Fig. 138.—PRopuctTion eeeen FROM THE SYSTEM. 

to 99.5 per cent, while the production rate has declined to 0.0048 bbl. 
per day per sq. {t. of sand. After 194 days the pressure at the most 
distant point has fallen to 8.9 atmospheres, the outflow saturation to 
72 per cent, the closed terminal saturation to 92 per cent, and the pro- 
duction rate to 0.0036 bbl. per day per sq. ft. of sand. 

Thus far, of course, these results are not particularly striking. They 
indicate that the liquid recovery is definitely greater near the outflow 
face and decreases with considerable rapidity as one goes farther and 
farther into the sand. However, it cannot immediately be concluded 
that this actually happens in depleted fields. ‘For the pressure at the 
distant terminal of 300 ft. after the 194 days of production will be 8.9 
atmospheres and the average pressure over the whole sand body will be 
60 per cent of its original value of 10 atmospheres. Hence this stage can 
obviously not be considered as representing a really depleted field from the 
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Fic. 14.—HisTory OF DECLINE IN LIQUID CONTENT OF LINEAR CHANNEL WITH ONE 
TERMINAL CLOSED AND THE OTHER OPENED TO PRODUCTION. 
1 — p = fractional depletion, Z and ¢ are dimensionless length and time defined by 
equation 12. 
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physical point of view, although, of course, the production rate available 
at that stage may well be approaching the limit of economic value. 
Moreover, the total recovery at this stage will be only approximately 
60 per cent of that which would ultimately be withdrawn from the sand 
if one were to wait until the pressures had everywhere fallen to zero. 
Thus, for example, after three years of production from such a sand the 
pressure at the distant boundary will have dropped to 2.5 atmospheres, 
the saturation at the outflow face will have fallen to 67.5 per cent and 
that at the distant boundary will now have dropped to only 75.4 per cent, 
with the production rate declining to 0.0004 bbl. per day per sq. ft. of 
sand. And in the limit of absolute physical depletion, when the pressure 
has everywhere become atmospheric, the liquid saturation at the distant 
terminal will have dropped to 72.2 per cent, which is only 5 per cent in 
excess of that at the outflow face. The cumulative recovery at this stage 
will be approximately 28 per cent of the total initial liquid content. 
That this approximate uniformity of the recovery over the whole 
length of the flow system is not simply an accidental result of the caleu- 


TABLE 2.—Recovery of Fluid from Unconsolidated Sand 


Distance from Final Average Deviation from Volume 
Outflow End, Saturation, Saturation, Average Satura- Produced, 
Ft. Per Cent Per Cent tion, Per Cent c.c. 


aS2aNaanrrkwnwre 
WOT ORI E 
hROSOODWOOH 


760 


aANaoanrkwnhde 
warwrwonaonrn 
SCHODWAHH 


730 


o>) 


ONISARwWNH 
NNOhaATEY 


710 


M. MUSKAT, R. D. WYCKOFF, H. G. BOTSET AND M. W. MERES 93 


lations is shown by the data obtained on the ultimate saturation distribu- 
tions in the flow tube in several of the experiments performed to test the 
relation between the ultimate recovery and equilibrium saturation, 
already presented in Table 1. The actual saturation distributions are 
reproduced in Table 2. Within the limits of the experimental errors, the 
direct experiments indicate an effectively uniform recovery everywhere 
along the flow channel. The theoretical predictions therefore must 
correspond to upper limits of the total variation in recovery that is to be 
expected for moderate saturation pressures. 

Thus we see that as far as the physical depletion of the sand reservoir 
is concerned, the distant parts of the sand will ultimately yield almost 
as much of its liquid content, as will that in the vicinity of the well, and 
that only in the immediate neighborhood of the well will the recovery be 
appreciably greater than at distant points. In other words, the above 
theory gives no evidence for the existence of a ‘‘radius of drainage”’ 
that delimits and separates the part of the flow system in which there will 
be a large depletion as compared to that from which the recovery may 
be negligible. The immediate implication of this result, of course, is that 
the depletion or ultimate recovery will be essentially independent of the 
well spacing unless the latter be made so small as to become prohibitively 
expensive. It is true that the time that would be required to 
obtain the physical ultimate recovery referred to here will increase 
with the effective length of the flow system, that is, the well spacing, 
and indeed it will be directly proportional to the square of the spacing. 
However, the extent to which the saturation will ultimately fall will be 
for practical purposes quite independent of the dimensions of the system. 

It is to be noted that in deriving these results it has been explicitly 
assumed that the sand is homogeneous throughout. When the latter is 
lenticular, it is clear that the spacing must be made sufficiently small to 
insure a high probability that each individual lens will be penetrated by 
at least one well. Beyond this restriction, however, the whole question 
of well spacing appears to reduce largely to one of economics in which 
must be balanced the value of a quick recovery of oil against the cost of 
additional wells and the associated additional investment, with the under- 
standing that when the pressure within the sand has been reduced to 
any definite value the total recovery by that time will be essentially the 
same regardless of the number of wells involved. Moreover the same 
conclusion should apply in a physical sense when the sands are ‘‘tight,” 
except in so far as the associated retardation in the depletion of the 
pressure at distant points may accentuate the economic problem of 
decreased rates of recovery and an increase in the period required for the 
return of the investment. 

Although we have seen above that the equilibrium saturation of the 
sand corresponding to the equilibrium permeability determines a mini- 
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mum liquid recovery from the sand as long as the gas content is not too 
small, there may be derived analytically a continuous representation of 
the ultimate recovery as a function of the saturation pressure of the gas. 
In Fig. 15 is shown a particular form of this representation, in which 
is plotted the ratio of the initial pressure divided by the pressure when 
the saturation has fallen to p., as a function of p., this latter referring to 
the closed boundary of a heterogeneous fluid system. In so far as wehave 
oo +~=s Seen. that the liquid saturation p, at 
800 such distant boundaries at the time of 
600 complete physical depletion is approxi- 
400 mately the same as that over the sand 
300 as a whole, its value should be a good 
approximation to the liquid remaining 
in the sand after the ultimate recovery 
has been withdrawn from it. The 
-—-—'° 8 theory then shows that for a given 
45 sand and_ gas-liquid mixture the 
ultimate recovery is largely determined 
by the initial saturation pressure, the 
variation being given by Fig. 15. 
The manner of production will affect 
mainly the part of the sand that is 
10 near the well, and to this extent the 
ultimate recovery will depend upon 
whether or not the sand is allowed to 
produce by wide open flow or by 
gradual pressure release. At distant 
points, however, the theory indicates 
that the initial gas-saturation pressure 
is : will be the predominating factor, 
0, although the actual variation of the 

Fie. 15.—Revation or rniriaL recovery with the original gas-satura- 
RECOTERY a) SETIMATA tion) pressurécwill /beivery small eas 
follows from the very rapid rise of the 

curve of Fig. 15. Whereas the recovery will be 28 per cent if the liquid is 
saturated to a pressure of 10 atmospheres, a further increase of recovery 
to 38 per cent would require an original saturation pressure of more than 
1000 atmospheres. Conversely, the application of a vacuum, which would 
increase the ultimate value of the ratio of the initial pressure to the final 
reservoir pressure attainable for the sand, will again increase the ultimate 
recovery but very slightly, even if one should neglect the associated 
increases in liquid viscosity. Thus, for the case where the original satura- 
tion pressure is 10 atmospheres, the application of a vacuum so as to 
reduce the final average pressure over the sand to 4 atmosphere would 
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increase the ultimate recovery by only 2 per cent above that obtainable 
without the application of a vacuum. 

Returning again to the general features of the decline history of the 
sand column, the variation of the gas-liquid ratio is shown in Fig. 16.. It 
is to be noted that the gas-liquid ratio increases continuously to an asymp- 
totic value with the age of the system. Here again we have a general 
conclusion with regard to a question that has been difficult to settle 
simply on the basis of field observations, although from the point of view 
of the present study the continuous rise in the gas-liquid ratio is really 
an obvious necessity. For since the gas-liquid ratio increases uniformly 
with the decreasing liquid saturation the continuous decline in the latter 
at the face of a well necessarily means a steady growth in the gas-liquid 
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Fic. 16.—History OF GAS-LIQUID RATIO (GAS VOLUME AT ATMOSPHERIC PRESSURE- 


LIQUID VOLUME) IN PRODUCTION FROM A LINEAR CHANNEL CLOSED AT ONE TERMINAL. 
Normal gas-liquid ratio of solution = 10.0. 


ratio. Of course, this conclusion assumes that the pressure at the sand 
face is initially reduced to its ultimate low value, or that its changes dur- 
ing the production history are always of a decreasing nature. Under such 
conditions the continuous rise in the gas-liquid ratio will be inevitable. 

Although other features of the performance of oil-producing reservoirs 
might be given a qualitative discussion on the basis of the experiments 
and theory developed here, those already considered will suffice to show 
the practical applicability of this work. On the other hand, it is to be 
emphasized that while the conclusions with regard to well spacing, ulti- 
mate recovery, etc. have been stated in a rather dogmatic manner as 
being applicable to actual field conditions, this has been done only in 
order to avoid repeated qualifications as to the limitations of the theory 
and experiments. For, in fact, we wish it to be explicitly understood 
that at the present time these conclusions will have validity only when 
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applied to unconsolidated sands. No pretense whatever is made that 
they may be extrapolated without modification to the production of gas 
and oil from consolidated sandstones. While it is true that we find no 
reason to anticipate radical changes in the behavior of gas-liquid mixtures 
when the experiments will be extended to consolidated sands, it may well 
turn out that even minor modifications in the fundamental characteristics 
may materially alter the practical consequences. This work is therefore 
not to be construed, for example, as advocating wide well spacing and 
the use of arbitrary production methods, although such conclusions do 
seem to follow from the purely physical properties of unconsolidated 
sands carrying gas-liquid mixtures. And even if these features should 
carry over into the domain of consolidated sands, it is, of course, to be 
recognized that the economic aspects of oil production merit at least 
equal if not greater consideration than the strictly theoretical and physical 
phases of it. Moreover, the structural configuration of the producing 
sand—a very important factor in the development of actual oil reser- 
voirs—has been explicitly excluded from our consideration of the ques- 
tions of well spacing and ultimate recovery. This limitation must also 
be recognized in the application of the results developed here to specific 
programs of oil production. We do hope, however, that we have shown 
in this paper that gas-liquid mixture systems can be studied by relatively 
simple physical methods, and that such studies lead to results that are 
not only subject to physical interpretation but can also be correlated 
with the practical questions of oil production. 
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DISCUSSION 
(M. Albertson presiding) 


The general view was expressed that this highly technical paper, resulting from 
three or more years of research, should be studied thoughtfully because of the sig- 
nificance of the experimental data as they pertain to the pressure distribution around 
producing wells, the inferences regarding the effectiveness of wide spacing of wells in 
unconsolidated sands under the conditions of the tests, and the value of energizing 
gas caps in stimulative-recovery operations. Also, the general expression was that 
the authors have presented a basis for a better understanding of practical considera- 
tions in the well-spacing problem. 


» 


Oil-well Behavior Based upon Subsurface Pressures and 
Production Data 


By H. C. Minimr,* Memper A.I.M.E., E. 8. Burnerrt} anv R. V. Hiaeinst 
(New York Meeting, February, 1937) 


INFORMATION obtained from subsurface pressure and temperature 
measurements in oil wells now is recognized as invaluable to geologists, 
engineers, and operators of oil properties. Available only during the 
past few years, data resulting from subsurface-pressure surveys in oil 
wells already have found widespread application in the estimation of 
reserves and in the planning of comprehensive oil-field development pro- 
grams. Subsurface pressure and temperature data, together with meas- 
urements of fluid volumes produced by individual wells and specific 
gravities of the fluids, also are included in the fundamental information 
essential in studying the movement of oil, gas and water through reservoir 
sands to wells. Heretofore, laboratory findings were relied upon almost 
entirely for information pertaining to the mechanics of flow of fluids 
through porous media, because there was no way to check laboratory 
results with actual performance in underground formations until sub- 
surface pressure and temperature instruments were developed. Labora- 
tory and field experiments now lend themselves to closer correlation—a 
fact that will accelerate the interpretation of many phenomena that occur 
when oil and gas flow through reservoir rocks, thousands of feet below 
the surface of the earth. 

This paper summarizes the results obtained thus far in a Bureau of 
Mines study of certain data pertaining to subsurface pressures and pro- 
duction of wells producing oil and gas (and water). For wells that have 
been studied, flowing naturally under volumetric or hydraulic control, a 
simple relation has been found between the mass rate of fluid (oil, gas 
and water) production and the corresponding drop in pressure in the 
reservoir sand. The equated relation embodies a productivity factor 
or ‘‘index”’ expressed in terms of mass rate of fluid production per pound 
drop in pressure through the sands. The equation as developed is an 
expression of the ability of a well to produce, which permits comparison 
on a uniform basis of the productivities of different wells. The study 
shows also that over the range of observed data a productivity factor 
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based on mass rate of production is a constant for a given well at different 
rates of flow. In other words, the mass rate of production is a straight- 
line function of the drop in pressure through the reservoir sand. 

Substitution in the equation of actual pressure determinations and 
corresponding production data obtained while a well is flowing permits 
computing the average static pressure opposite the producing sand in a 
well. Thus, if two (but preferably three or more) sets of pressure-flow 
data are obtained from a well, the average pressure that would exist 
opposite the productive sand or zone, if the well were shut in, can 
be determined. 


Source or DaTa 


In May and June 1935, subsurface pressure and temperature traverses 
were run by representatives of the Oil Umpire for the Central Committee 
of California Oil Producers in a large number of wells in the Kettleman 
North Dome oil field, California. Through the courtesy of R. E. Allen, 
then Assistant Oil Umpire, and the officials of several of the companies 
on whose wells the tests were made, reservoir and production data result- 
ing from this pressure-temperature survey were made available to the 
Bureau of Mines for use in its study of flow of oil, gas and water through 
reservoir sands. Later, certain data acquired during subsequent surveys 
on the Kettleman North Dome Association holdings were made available 
to the writers. Data of a type similar to those on Kettleman Hills wells 
were collected also on wells in the Dominguez, Playa del Rey, and Padre 
Canyon fields, California; Hobbs field, New Mexico; Rodessa field, 
Louisiana; and the East Texas field, Texas. 

In the course of the study reported in this paper, data were collected 
from more than 150 wells. The observations on many of the wells, how- 
ever, were incomplete or unsuitable for the purpose of investigating the 
flow of fluids through reservoir sands because some essential information 
was lacking or obviously in error. For example, the data collected from 
wells reported to have been surging or heading badly during flow tests 
were eliminated from consideration because it was found that pressure 
and volume observations were affected uncertainly by unsteady flow. 
Test data from wells tubed below the top of the producing sands also 
were set aside temporarily to eliminate from consideration pressure deter- 
minations that might be inaccurate because of restriction of the flow 
channel by the pressure instrument. This report, therefore, is based on 
the study of pressures, production, and related data from 45 wells. 


An Equation ror FLow or FLuiIps THROUGH RESERVOIR SANDS TO 
WELLS 


The collected data concerning depths and pressures opposite the 
producing sands were plotted on depth-pressure charts, as shown in 
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Fig. 1. The best curve was drawn through each set of plotted points 
representing the pressure traverse for one condition of flow (zero flow 
for the traverse made while the well was shut in). The average pressures 
between the top and bottom of the producing sands were determined 
from the depth-pressure curves by means of a planimeter. 

The drops in pressure between the average formation (static) pres- 
sure and the different average flowing pressures then were determined, 
and the differential pressures were plotted on logarithmic paper against 
the corresponding mass rates of fluid (oil, gas and water) production per 
24hr. Ina large number of wells a definite relation between the pressure 
drop in the producing sands and the combined or total mass rate of (fluid) 
production was found to exist. This relation, as represented graphically 
on logarithmic paper, is a straight line having a 1 to 1 slope. 
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large —DEPTH-PRESSURE CURVES FOR STATIC CONDITIONS AND THREE RATES OF 
FLOW IN A WELL IN THE KETTLEMAN HILis FIELD, CALIFORNIA. 

Fig. 2 shows the graphs on logarithmic paper for 17 wells where the 
mass rate of production per 24 hr. is plotted against the drop in pressure 
through the sands for different rates of flow. This relation was found to 
hold for many other flowing wells in several oil-producing districts of the 
United States, but for clarity their graphs are not shown on this chart. 
The relation between the mass rate of fluid production and the pressure 
drop in the sand, shown graphically in Fig. 2, can be expressed mathe- 
matically by the linear equation: 


log M = log C + log (Ps — Ps) 
or in arithmetic coordinates by: 
M= C(P; <- Ps) 


where M = mass rate of fluid production, lb. per 24 hr. 
Also: 


M = Qowo + Qyg + Qu Wu 
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where Q,, Q, and Q are the respective volume rates of production of oil, 
gas and water in cubic feet per 24 hr. at 60° F. and atmos- 
pheric pressure, and w,, wy and wy» are the corresponding 
densities in pounds per cubic foot. 
P, = average “shut in” formation pressure in the well opposite the 
productive sands, lb. per sq. in. abs. 
P, = average back pressure (flowing pressure) opposite productive 
sands in the well, lb. per sq. in. abs. 
P,; — P, = pressure drop producing flow through the sands, lb. per sq. in. 
C = coefficient, numerically equal to mass rate of flow of fluids per 
pound pressure drop through the sand; in other words, a 
productivity factor or ‘‘index.” C has the same numerical 
value as M when P; — P, = 1; or since the slope of the lines 
on Fig. 2 is 1 to 1, C is 400 of M, read at Py — P, = 100. 
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Fic. 2.—ReEsvutts oF TESTS ON 17 OIL WELLS, SHOWING STRAIGHT-LINE RELATION 
BETWEEN M anp (P; — P,). 
129, well in Dominguez field, California; 134 and 135, wells in Playa del Rey 
field, California; 142, well in Rodessa field, Louisiana; 143, well in East Texas field, 
Texas; ; all others, wells in Kettleman Hills field, California. 


Ordinary arithmetic plotting of the values plotted in Fig. 2 would 
yield straight lines through the origin (M = 0, P; —P, = 0). The 
slopes of these straight lines (C) are the mass rates of production per 
pound pressure drop through the sand, or the productivity “indices.” 

It should be emphasized that the straight-line relation between the 
drop in pressure and the mass rate of flow of heterogeneous fluids through 
reservoir sands presented in this paper is merely an empirical statement of 
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the facts found on plotting the data pertaining to the wells in several fields 
that have been studied. The relation may not be supported completely 
on a rational basis; it has rational support only for an incompressible 
fluid and viscous flow—conditions that probably were approached in the 
flow of undersaturated oil through reservoir sands in the East Texas field 
studied by Reistle and Hayes'. However, certain factors in the flow of 
compressible fluids through reservoir: sands may have compensating 
influences that make the relation hold in a large number of wells. Per- 
haps, after additional data have been collected and analyzed more rigor- 
ously than has been possible in the preparation of this paper, some 
modification of the equation may be necessary. However, until instru- 
ments are built that will record subsurface pressures more accurately than 
is possible with those now in general use, it is believed that the relation as 
expressed can be considered a close approximation for flow of mixtures of 
oil and gas through many reservoir sands and that application of the 
empirically developed equation will be helpful in studying performance of 
wells and reservoirs. : 

C, in the equation M = C(P; — P;), numerically is equal to the mass 
rate of flow of all fluids entering the well per pound drop in pressure 
through the reservoir sand. As such, C is a measure of the ability of a 
sand to produce and therefore a productivity factor or ‘‘index.”’ It is 
well known that oil sands generally are not uniformly permeable from top 
to bottom or even laterally over the area of the reservoir. For that 
reason, C cannot be considered an absolute measure of permeability. 
Many producing zones, especially in California, comprise a series of oil 
sands, sandy shales that. may bear oil, and nonproductiveshales. Fur- 
’ thermore, the shale strata interbedded between layers of productive sand 
range in thickness from a fraction of an inch to many feet and may or 
may not be continuous throughout the extent of the reservoir. Obvi- 
ously, in a system as complex as an oil reservoir, the characteristics of 
each sand layer or the effect on average permeability of shale lenses in the 
sands cannot be evaluated accurately. 

As many oil sands consist of alternate layers of productive sand and 
nonproductive shales, it seems reasonable to conclude that any measure 
of permeability that would be helpful in comparing the productivity of 
wells drilled in productive zones of that type should consider only those 
strata in the sand section that are oil and gas-bearing. To be able to 
make such comparisons, however, would require accurate knowledge of 
the cumulative thickness of the productive strata exposed to the well. 
Unfortunately, the thickness of shale breaks in oil zones is not always 
measured and recorded on the drillers’ log sheets, and electrical logging of 
76. E. Reistle, Jr. and EP. Hayes: A Study of Subsurface Pressures and Tem- 


peratures in Flowing Wells in the East Texas Field and the Application of these Data 
to Reservoir and Vertical-flow Problems. U.S. Bur. Mines R.J. 3211 (1983). 
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oil zones has not yet become a part of the drilling procedure in all wells. 
Furthermore, in California, oil strings generally are perforated from the 
top to the bottom of the productive zones; blank pipe is set between the 
zones, and no attempt usually is made to “blank off” nonproductive 
strata within oil zones. Therefore the number of feet of perforated pipe in 
a well is not necessarily a measure of the net thickness of the productive 
sand exposed to the well. The only information available to the writers 
on wells included in their study is the number of feet of perforated pipe 
in the wells—in other words, the combined thickness of the several oil 
zones exposed in the wells. Accordingly, for comparative purposes, all 
calculations of the productivity of wells were made on the basis of their 
“specific productivity’? C’—pounds of fluids produced by the wells per 
24 hr. per foot of oil zone exposed in the well per pound difference between 
the average formation (static or shut-in) and flowing pressures. Such a 
comparison is based on the assumption that the entire thickness of each 
producing zone is uniformly productive, which, of course, is not true. 
However, until more detailed information on net thicknesses of producing 
zones is available, comparisons between wells on the basis of their specific 
productivities are believed to be more significant than those based on 
average productivities. 


ConsTANCY OF WELL PRopUcTIVITY WITH TIME 


Although insufficient field data have been collected to permit making 
any conclusive statements as to the constancy of, or variation in, the 
productivity of wells with time and with changes in production practices, 
a number of interesting deductions can be made. The following state- 
ments and those appearing in the next section on the productivity of offset 
wells, therefore, are observations rather than definite conclusions. 

Table 1 shows values of C (productivity factor) and C’ (specific 
productivity factor) at different periods in the life of nine wells in the 
Kettleman Hills field. The small differences in the values for C and for C’ 
in wells Nos. 9, 12, 59, 85 and 96, and the fact that in most of the wells the 
productivity did not increase (or decrease) uniformly with time but 
changed irregularly, suggest that in some wells the productivity factor is 
relatively constant over periods as long as 8 or 9 months. 

Changes in well productivity may result from a number of different 
causes. Decreasing productivity signifies that the mass flowing through 
the sands to the well per pound drop in pressure is decreasing with time 
and indicates possible clogging of the sand face by sand, silt, waxy sub- 
stances, or other materials, or drainage interference by other wells. On 
the other hand, if the productivity factor of a well increases with time it 
may be evidence that the well is ‘‘cleaning itself out’’ and that the resist- 
ance to flow at the sand face is decreasing. If the well produces sand 
along with the oil and gas, the increase in productivity per pound drop in 
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pressure through the sand may indicate that channels have been created 
in the reservoir or that the effective radius of the well bore is increasin g. 


TaBLE 1.—Changes in Well Productivity with Time 
Nine Wells in the Kettleman Hills, Calif., Field 


Productivity Factor Specific Productivity 

oe ole Months during Which | C, Lb. Fluid per 24 | Perforations Exposed Eeeher Ce Lb. fae 
N Tests Were Made Hr. per Lb. Pressure | to Sands in Well, Ft. TP icacuretiiroe aaa 

Drop in Sand Sand per Foot of Sand 


— —— | EE SSS 


9 | May, 1985....... 1130 441 2.6 
Dee571935..). 32. 1000 441 2.3 
Feu Mossy 1065 441 2.4 
2mm ieviay M1086 «004.22 1185 450 2.6 
Dec., 1935....... 1100 450 2.4 
Pens 10564 6-7 1335 450 3.0 
1S We May A10S5 28: 5810 874 6.6 
Jan miOSG0 0 d\>: 3110 874 3.6 
Feb., 1936....... 2435 874 2.8 
Mar, 1086 5..0. = 3470 874 4.0 
B11) May, 193520025 4530 1089 4.2 
Janis issGoeee 5080 1089 4.7 
Mebyil036. a0/cak 6430 1089 5.9 
SG. | Maw) 1920e... -. 2970 900 3.3 
Feo 1936...) . 1685 900 1.9 
preniocow ee 2340 900 2.6 
Be imelcdutieg 1088). cen. cs 2865 895 3.2 
Beeb.) 986.40. 0: 4240 895 4.7 
Apr, 1036. ....7.. 3730 895 4.2 
59 | May, 1935....... 2340 869 2.7 
Jan., 1936....... 2060 869 2.4 
85 | May, 1935....... 1625 880 © 1.8 
Jams 1036. . acim 1625 880 1.8 
96 | May, 1935....... 1050 988 si 
Jims 01936) sss ce 1295 988 ins 
Mar., 1936....... 1360 988 1.4 
a are le a al a a a 


The relatively small increase (or decrease) in the productivity factor 
during an 8-month period indicates that the change in the ability of a sand 
to produce fluids per pound pressure drop must be gradual and of small 
magnitude during periods of a month or two. Therefore, if the produc- 
tivity factor of a well remains constant, or nearly so, for one or a few 
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months, after the factor for a well is once established it may be used 
conveniently during the period in which it remains relatively constant to 
regulate production practices in accordance with desired rates of produc- 
tion or pressure drop through the sand. 


CoMPARISON OF PRODUCTIVITY OF OrrsET WELLS 
PRODUCING FROM SAME ZONES 


The data studied in connection with this report contained field tests on 
a number of sets of adjoining wells producing from the same zones in the 
Kettleman Hills field. Wells 9 and 12 (Table 1) were approximately 
1800 ft. apart; their specific productivity factors in May 1935 were identi- 
cal, varied by 0.1 (4 per cent) in December 1935, and differed by 0.6 
(25 per cent) in February 1936. Well 58 (Table 1) was 1300 ft. from well 
59, yet in the summer of 1935 their specific productivity factors differed 
by 0.5, or 18.5 per cent. Two other offset wells, 1585 ft. apart in the 
northern end of the North Dome of Kettleman Hills and producing from 
the same zones, had specific productivity factors in May 1935, of 2.6 and 
2.4—a difference of 8 per cent; another set of wells spaced 1425 ft. apart 
had specific productivities of 4.6 and 4.2—a difference of 9 per cent— 
indicating a certain degree of uniformity of permeability of the sands 
about the two pairs of wells. That the specific productivities of all pairs 
of wells are not necessarily in close agreement is shown by the fact that in 
two wells 2000 ft. apart the specific productivity factor for one was 11.8 
and for the other 8.5—a difference of 40 per cent. These high specific 
productivity factors indicate relatively open or permeable sands, and it is 
to be expected that a considerable difference in productivity of adjacent 
wells will exist in such sands. 

Although data for some pairs of wells in the Kettleman Hills field 
show relatively wide variations in their indicated specific productivity 
factors, similar data pertaining to another part of the field indicate that 
the permeability of the productive sands, extending over quite wide 
limits, is more uniform than engineers heretofore have had reason to 
expect. For example in an area 14 mile wide and 114 miles long, six 
wells had specific productivity factors of 3.2, 3.8, 3.2, 4.2, 4.6, and 
4.2, respectively. 


DETERMINING AVERAGE FORMATION PRESSURES FROM FLOW Data 


To determine the average formation (shut-in) pressure in a well, 
engineers have found it necessary to shut in the well for 24 hr. or longer 
to allow pressures in the well opposite the sand face and in the formation 
about the well to equalize before lowering a pressure instrument and 
making a pressure traverse. At best one or more day’s production is 
lost on the flowing schedule while waiting for pressures to equalize, and 
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frequently wells fail to ‘‘come back” and produce oil at their former rate 
after having been shut in for even so short a period as 24 hr. An example 
may be cited also where an operator greatly desired to know the pressure 
opposite the productive sand in a well but feared to close the surface 
valves to permit equalization of well and reservoir pressures because of 
the high pressure that would have developed in the well if it were closed 
in. For these and perhaps other reasons, many operators are anxious 
to find some method whereby static pressures in wells can be determined 
without closing the wells. 

If the pressure drop in the sand is proportional to the mass rate of 
production, in accordance with the relation M = C(P; — P.), conforming 
to the indicated graphical study previously discussed, it is possible to 
estimate P;, the most probable average formation (shut-in) pressure— 


corresponding to zero production—and Paae or C, the most probable 


average mass rate of production of a well per pound drop in pressure 
through the sand, from flowing data alone. Furthermore, if subsequent 
studies show that the relation between pressure drop and mass rate of 
fluid production holds for flow conditions beyond the range of experi- 
mental data studied so far, it will be possible to estimate the maximum 
fluid production rate (well potential) at any limiting pressure at the sand 
face within the capacity of production equipment without making open- 
flow tests. 

When no measurements of the static or shut-in pressure opposite the 
- productive sands have been made and two or more sets of pressure and 
production data have been obtained from a well, a close estimate of the 
average static pressure across the sand face exposed in the well can be 
made by plotting on rectangular coordinate paper average pressures at 
the sand face while the well is flowing against the corresponding mass 
rates of flow. The best straight line through the plotted points extended 
to the abscissa representing zero flow gives the average static pressure. 
Extending the best straight line in the opposite direction to any limiting 
sand-face pressure shows the maximum fluid production rates of the 
well at that pressure. 

Average pressures at the sand face are plotted against the mass rate 
of flow for 15 wells in Fig. 3. Best straight lines are drawn through the 
plotted points and extended to the left to intersect the abscissa represent- 
ing zero flow where the average static pressure across the sand face in 
the well may be read. For three of the wells, the best lines through the 
plotted points have been extended (by dashed lines) to the ordinate 
representing a limiting pressure of 100 lb. per sq. in. abs. This was done 
to estimate the potential production rate of the wells, in pounds of fluid 
per 24 hr., at that limiting average back pressure against the produc- 


ing sands. 
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Static-pressure surveys had been made in each of the 15 wells repre- 
sented in Fig. 3. However, the static-pressure reading was disregarded 
when the position of the best straight line through the points representing 
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128, 129 and 131, wells in Dominguez field, California; 135, well in Playa del Rey 
field, California ; 142, wells in Rodessa field, Louisiana; 143, well in East Texas field, 
Texas; all others, wells in Kettleman Hills field, California. 

flowing data was determined. The difference in average static pressure 
between that determined from actual measurements and that determined 
by the best straight line through the points representing flowing data 
may be noted by the disparity between the plotted static-pressure reading 
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and the point of intersection of the best straight line with the zero ordi- 
nate. For some of the wells, the difference is so small that it cannot be 
shown on the scale used in drawing Fig. 3. 

The slopes of the lines referred to the P, axis are, in numerical values, 
directly proportional to the productivity indices of the wells. The fact 
that the slopes of the lines representing different wells are not the same 
indicates that the average productivities of the wells differ. 


TABLE 2.—Gas-oil Ratios, and Measured and Computed Values of the 
Average Formation (Static) Pressure in 19 Oil Wells in Several Different 


Fields 
Differences Calculated 
Variation in Gas- SS aaa Fa) Cte ae pi kata Pl eeeescd 
Well Example No. oil Ratios, Cu. 
Ft. per Bbl. 
Measured | Calculated ka in - Per Cent 
Kettleman Hills, California 
4 561— 883 | 2,450 2,456 + 6 +0.2 
5 938- 1,010 | 1,747 1,767 +17 +1.0 
6 1,348— 1,414 | 1,705 1,695 —10 —0.6 
9 522— 697] 1,815 1,813 — 2 —0.1 
ile 640— 685] 1,714 1,718 + 4 +0.2 
31 751— 852] 1,537 1,532 — 5 —0.3 
53 807— 1,185 | 1,818 1,822 +4 +0.2 
59 636—_ 813 | 1,655 1,653 — 2 —0.1 
66 1,025— 1,135 | 1,479 1,500 +21 +1.4 
76 656— 768 | 1,548 1,562 +14 +0.9 
89 2,820— 3,010 | 1,960 1,964 +4 +0.2 
100 2,348— 3,820 | 1,598 1,600 + 2 +0.1 
109 13,490-15,790 | 2,657 2,678 +21 +0.8 
Dominguez, California 
128 1,188— 1,312) 1,111 1,133 +22 +2.0 
129 940— 1,350 |} 1,030 1,048 +18 +1.7 
Playa del Rey, California 
134 27,600—41,700 | 1,618 1,596 —22 —1.4 
135 4,300— 4,765 | 1,604 1,598 — 6 —0.4 
Rodessa, Louisiana 
142 3,024— 5,973 | 2,670 2,664 — 6 —0.2 
East Texas, Texas........ 
- 148 300 1,500 1,496 — 4 —0.3 


Table 2 shows the average formation (static) pressure actually meas- 
ured in 19 wells in several different fields and the average formation 
pressure calculated by the method of least squares* from data taken 


2 For an excellent discussion of the method of least squares see J. W. Mellor: 
Higher Mathematics for Students of Chemistry and Physics. New York, 1931. 
Longmans, Green & Co. 
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while the wells were flowing. The table also shows the difference, in 
pounds per square inch, between the computed and measured formation 
pressures and these differences expressed as a percentage of the meas- 
ured pressure. 


SUMMARY 


The study of the observed data on subsurface pressures opposite the 
productive sands and related production data on wells in the Kettleman 
Hills, Dominguez, Playa del Rey, and Padre Canyon fields, California; 
Hobbs field, New Mexico; Rodessa field, Louisiana; and East Texas 
field, Texas, shows a simple definite relation between the mass rate of 
fluid (oil, gas and water) production and the drop in pressure causing 
flow through the sands. When the mass rates of production for different 
rates of flow in a well are plotted on logarithmic paper against the differ- 
ence between the average formation (static or shut-in) and flowing pres- 
sures opposite the producing sands, the relationship between them is 
represented by a straight line, which may be expressed mathematically 
by the equation: 

M = C(P; — P;) 


where M = mass rate of fluid (oil, gas and water) production, lb. per 
24 hr. 


C = coefficient, numerically equal to mass rate of flow of fluids 
per pound pressure drop through the sands. 
P; = average ‘‘shut-in”’ formation pressure opposite the producing 
sands, lb. per sq. in. abs. 
P, = average back pressure (flowing pressure) in the well opposite 


the producing sands, lb. per sq. in. abs. 

Substitution of observed well data for the terms M, P; and P, in the 
equation permits calculating values for C, the productivity factor or 
index for the well, or both P; and C may be determined by substituting 
numerical values of M and P, of two or more rates of flow. The study 
indicates, for the range of production observed in the tests forming the 
basis of this report, that C is a constant in a given well for all rates of 
flow. Ina number of wells, C did not change (within the limits of accu- 
racy of the reported data) during an 8-month period while the wells were 
producing regularly or alternately flowed and shut in for periods of time. 
In a number of other wells C did not remain constant during an 8-month 
period. In those wells where C increased, the probable indication is 
that the wells were ‘‘cleaning themselves out” or that a readjustment 
of the sand particles immediately about the wells was reducing the resist- 
ance to flow of fluids into the well bores. When C decreased with time, 
or, in other words, when a smaller mass of fluids entered the wells per 
pound drop in pressure through the sand, a condition of clogging at the 
sand face, or plugging of the perforation in the oil string, is suggested. 
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A study of several pairs of wells and one group of six wells producing 
from the same sands in the Kettleman Hills field showed that the “ specific 
productivity” of reservoir sands, as indicated by the pounds of fluids 
flowing to the wells through one foot of sand thickness per 24 hr. per 
pound drop in pressure, may be fairly uniform over extended areas. 
However, observations on other sets of flowing wells in the Kettleman 
Hills field showed that this condition does not always hold and that 
neighboring wells producing from the same sands may differ considerably 
in “specific productivity.” 

Application of relations that may be found between rates of fluid 
production and differential pressures in producing sands will aid in devel- 
oping a better understanding of reservoir performance and the related 
problem of well spacing. Since the straight-line relation discussed in this 
paper is merely an empirical statement of the facts found on analyzing 
limited field data, and may not be supported completely on a rational 
basis, Bureau of Mines engineers invite contributions of oil-well produc- 
tion data and subsurface pressure and temperature traverses to be used 
in continuing their check and further analysis of what appears to be a 
useful relation. 
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DISCUSSION 
(M. Albertson presiding) 


E. L. Rawits,* Houston, Texas (written discussion).—Messrs. Miller, Burnett 
and Higgins have suggested a possible, very useful, relationship between mass rate of 
eames UU Mee GN: Leet eee C5 a EE er 
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fluid production and drop in pressure causing flow through producing formations. It 
will be particularly interesting and important to study this relationship, or a modifi- 
cation of it, in connection with production of oil and gas from high gas-oil ratio wells; 
also, it is hoped that some considerable study can be made to segregate the oil and gas 
separately from the total mass rate of flow relationship. 

This will mean a more thorough knowledge of variation in gas-oil ratio with rate 
of flow from different types of formations and under different pressure conditions. 
The use of a fundamental relationship between mass rate of flow and pressure drop 
across the sand should be useful in the study not only of the gas-oil ratio problem but 
also many other problems pertaining to mechanics of fluid flow through sand. 


M. Musxat,* Pittsburgh, Pa., in commenting upon the relation between mass 
rate of fluid production and the corresponding drop in pressure in the reservoir sand, 
as developed by the authors, stated that while such a relation might be anticipated 
for wells having relatively small variations in gas-oil ratios (see Table 2), deviations 
would be expected when the gas-oil ratios would be varied over a wide range, and 
suggested that a valuable check might be obtained by studying similar data for wells 
having wide variations in gas-oil ratios. 

Mr. Miller expressed the opinion that there may be some influences upon fluid 
flow in reservoir sand, not now thoroughly understood, that tend to compensate one 
another even in wells with widely varying gas-oil ratios. 


R. A. Carrsety,t Washington, D. C., pointed out the relation of the work leading 
to the present paper and the studies of the behavior of natural-gas wells made by 
the Bureau of Mines wherein it was found that the rate of flow is proportional tc the 
difference of the squares of the pressures raised to a power, and that the coefficient 
of proportionality is constant over time if well conditions do not change. 


C. V. Miturxan,{ Tulsa, Okla., suggested a practical application of the work in 
finding the cause of trouble in wells, by comparing the slopes of curves plotted from 
data taken at different times during the decline of the well. 


B. E. Linpsty,§ Washington, D. C., saw possibilities of allocating production on 
an equitable basis by means of the relationship. 


S. Pirson, || State College, Pa. (written discussion).—As pointed out by Mr. R. A. 
Cattell, it is interesting to compare the present equation of mass withdrawal of oil 


Mou i Ci (Pf “aes P,)* 
to the equation of volumetric withdrawal of gas from a well 
Qeas = C2(Pf? — P.?)” 


previously established by E. L. Rawlins and H. A. Schellhardt, of the Bureau of 
Mines. In these equations Moi is the mass of liquid, oil and water withdrawn in 
24 hr., Q is the volume of gas withdrawn in 24 hr. and taken at atmospheric pressure 
and temperature, Pf is the shut-in formation pressure in pounds per square inch 


* Gulf Research and Development Company. 

} Petroleum Engineer, Petroleum and Natural Gas Division, U. 8. Bureau of 
Mines, 

t Amerada Petroleum Corporation. 

§ Securities and Exchange Commission. 

|| Head, Department of Petroleum and Natural Gas Engineering, The Pennsyl- 
vania State College. 
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absolute, P; the sand-face back pressure (during flowing condition) in pounds per 
square inch, n the slope of the straight lines representing the above equation on log-log 
paper and C, and C2 are constants. A further advance at comparing these equations 
can be made by the following considerations. 

First of all, the gas equation can be expressed in function of the mass by merely 
introducing the concept of gas density 3 at atmospheric pressure Py. The gas equa- 
tion becomes the following: 


Whee = C239 (Pf? ca Pe)° 


which can also be written as follows: 
Meee 2rcoa( LF) "(ey —P,)" 


where Pf + P, is the average formation pressure. 
Or: 


Mem = C8o( “5 **)"(Py — P,)» 


In the curves published by Rawlins and Schellhardt, it is shown that the values of the 
slopes n are smaller than one and there is a possibility that the above expression can 
be written as a function of the percentage of deviation of the natural gas from Boyle’s 
law. Thus we obtain: 


M = com FAH(1 = im) PF _ P,)n 


The subscript to M is purposely left out, as this equation represents as well the 
performance of an oil well, in which case N = 0 and very little change in the value of 
the density 3 takes place. 

One can further make the consideration that the exponent n is a dimensionless 
quantity which is in all probability a function of at least the permeability of the 
formations and the mean radius of the surface affected by drainage, or, in other words, 
of the well spacing. Permeability has the dimensions of a surface thus the above 
equation becomes in its final form: 


Be Peer, N New tg 
M = Corts ( - i) (Pf — P)Ba 


in which k is the permeability, R the well spacing and a and 8 are constants. M 
represents the mass withdrawal of all fluids: gas, oil and water. 

It has not been possible to check the above equation for lack of data and it is here 
merely suggested as a new line of thought. 


The Productivity Index 


By M. L. Hamwrr* 
(Fort Worth Meeting, October, 1936) 


Mucu has been said and written on the shortcomings of the open-flow 
and restricted potentials of oil wells to determine their relative ability to 
produce. The oil industry in general is agreed that the open-flow poten- 
tial in particular is grossly inequitable, wasteful and expensive, but that 
potential is still used in many pools. This is partly because no thor- 
oughly satisfactory substitute has been found and partly because opera- 
tors are reluctant to adopt other methods that have been suggested; or, as 
Hamlet would say, we would rather ‘‘bear those ills we have than fly to 
others we know not of.” 

In a great many pools the use of tubing potentials has been substituted 
for open-flow potentials, but open-flow potentials through casing are 
still being used in many pools, particularly in Oklahoma, although the 
expense of such potentials has been pointed out many times. In one 
of the most recent pools in Oklahoma it is the practice to take open-flow 
potentials through the casing with the tubing out of the hole. The well 
is usually tubed after it is drilled in for the purpose of washing it in and 
cleaning the hole. After preliminary tests are run the tubing is pulled 
under pressure preparatory to taking the potential. After the potential 
is taken the tubing is rerun, under pressure. In order to accommodate 
the large capacity of the wells, it is customary to set three separators, six 
vent lines and large oil-storage tanks. It is conservatively estimated 
that the equipment not needed for producing the well currently but 
which is installed solely for the purpose of establishing large potentials 
costs the operator at least $5000 per well—approximately 35 per cent 
of the cost of equipping a well for production. Such needless expenditure 
constitutes an economic waste in addition to the gas that is wasted in 
taking potentials. 


MEANING OF Propuctivity INDEX 


A method of measuring the relative ability of wells to produce without 
open flow that shows considerable promise is the Productivity Index. 
This method was first suggested by T. V. Moore!, and has since been 


Manuscript received at the office of the Institute Oct. 8, 1936. 
* The Carter Oil Co., Tulsa, Okla. 
'T. V. Moore: Proc, Amer. Petr. Inst. (1930) 11 [4], 27. 
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strongly advocated by many engineers and producers. The method 
involves measurement of the static, or shut-in, bottom-hole pressure and 
the bottom-hole pressure while the well is flowing. The productivity 
index is defined as the barrels of oil per day per pound differential between 
static and flowing bottom-hole pressure. In determining the index of a 
well, the well is produced at low rates of production, thus eliminating 
gas wastage, the possibility of water-coning, and unnecessary oversize 
expensive equipment required for open-flow potentials. Obtaining the 
productivity index involves measurement of the pressure differential at 
the sand face, which measures only the resistance of the sand or producing 
formation to yield oil, and does not take into account the resistance of 
the flow string. It therefore reflects the true relative ability of the well 
to produce. It is a well-known fact that in taking the open-flow poten- 
tials of large wells, the size of the casing is an important factor in deter- 
mining the potential obtained. Two wells may have the same relative 
ability to yield oil, but if one of the wells has larger casing than the other 
it will obtain a larger potential. 


APPLICATION OF PRopuctTivity INDEX 

The productivity index has been widely discussed, and engineers are 
in agreement as to its many advantages, but there has not been sufficient 
field testing to determine its practicability. Theoretically, all that is 
necessary to determine the index is to measure the static bottom-hole 
pressure and then produce the well, measure the production and the 
flowing bottom-hole pressure, and calculate the productivity index. 
Actually, it is necessary to measure the bottom-hole pressure at various 
rates of production in order to eliminate the possibility of errors that 
may be incurred in determining only one value. When plotting the 
indices thus obtained, in many instances a different value is obtained 
for the index at each rate of production. This naturally gives rise to 
the question as to whether or not the index is a constant with rate of 
production, or whether we should expect to find a different value for each 
rate. In order to be able to make practical application of the index in 
the allocation of production, it should be a constant with rate of produc- 
tion, since if a different value is obtained at each rate it would be 
extremely difficult to determine at which rate the value of the index 
should be taken. In order that the index be a constant, the pressure 
differential must be a straight-line function of the rate of production 
according to the equation y = mx + b with b equal to zero, y equal to the 
rate of production and zx equal to the pressure differential. The slope 
of the line m is then equal to the productivity index, and is a constant. 

Stanley Herold? indicates that the productivity index defined as the 
barrels per day per pound pressure differential is not a constant with rate 


2S, Herold: Petr. World (1935) 32, No. 6, 48, : 
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of production. He defines two indices, one for reservoirs in hydraulic 
and volumetric control and one for reservoirs in capillary control. For 
the first, dividing the rate by the 14 power of the pressure differential 
should yield a constant index; and for capillary control, dividing the rate 
by the 34 power of the pressure differential should yield a constant index. 
However, the writer, in a paper presented at the mid-year meeting of the 
American Petroleum Institute in May 1935, presented data that indicated 
that the index arrived at by using either the 14 or the 34 power of the 
pressure differential did not yield a constant index. The conclusions in 
that paper were that if the index is properly determined and errors in 
measurement of production and bottom-hole pressure are eliminated, the 
index as defined in this paper is a constant with rate of production. Since 
this is an open question, it is hoped that this paper will stimulate some 
thought and study on this subject, and that in the near future we shall 
be able to make practical application of the productivity index in the 
allocation of production. 

Considerable progress has been made in recent years in the develop- 
ment and perfection of bottom-hole pressure gauges. Cooperative work 
among the several companies has shown that where proper precautions 
are taken check measurements of bottom-hole pressure may be obtained, 
both with the same instrument and with two or more instruments, even 
when the several instruments are of different makes. However, it is 
also well known that if proper precautions are not taken check results 
are not obtained. In determining the productivity, it is highly important 
that the subsurface-pressure gauge be accurately calibrated, and if two 
or more gauges are used it is important that they be calibrated on the 
same deadweight tester and also be checked in the well, if comparable 
results are to be obtained. When determining the static pressure of a 
well, precautions must be taken to properly prepare the well, the most 
important factor being the shut-in period prior to measurement of the 
pressure. While one well may attain its maximum pressure in 4 hr., 
another may require 24 hr., the period required to reach equilibrium 
depending on the rate of production prior to closing in the well, the perme- 
ability of the producing formation, the physical properties of the reservoir 
fluid, and other factors. In obtaining the bottom-hole pressure while 
the well is flowing, it is necessary to permit the well to flow at that rate 
for a period of time sufficient to allow the reservoir conditions to become 
stabilized; this again may require only a few hours in one well, whereas 
another well may require 10 or 20 hours. 

Another very important factor in determining the productivity index 
is to accurately gauge the well’s producing rate. While it may be true 
that the pressure differential is a straight-line function of the rate of pro- 
duction, this condition exists only at the lower rates of production, since 
at high rates the resistance of flow through the producing formation, 
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liberation of gas from solution, and other factors are disturbing elements. 
Even if this were not true, it would still be desirable to produce the well 
at low rates to prevent undue waste of gas, the possibility of water-coning, 
and other detrimental factors. Therefore, it is highly important that 
the well’s production be accurately gauged, since a small error may result 
in considerable error in the value of the index. 

These factors are highly important and should be carefully observed, 
as they may make the difference between accurate and reliable indices 
compared with erroneous, useless data. It is the writer’s experience 
that in most cases, if not always, productivity indices that are not con- 
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Fic. 1.—TypicaL DATA OBTAINED IN SouTH BURBANK POOL. 


stant with rate of production are due to errors in measurement of the 
bottom-hole pressure, or in gauging of the producing rate, or both, and 
if the data are rechecked, and all possible errors eliminated, a straight- 
line relationship will be obtained. 


TypicaL Data 


Table 1 and Fig. 1 present typical data obtained on wells in the South 
Burbank pool. The points for well A fall on two straight lines, while a 
single straight-line interpretation can be put on all of the points for well B. 
Since the data at the low rates fall on a straight line for well A, the 
productivity index is constant at these low rates and hence gives satis- 
factory results. 

Table 1 and Fig. 2 present data obtained on wells in the Keokuk and 
Lucien pools. The data for well C falls on a straight line, hence yields a 
constant productivity index. However, the data for well D curve 
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TasB.E 1.—Typical Data 


a 


Subsurface Pressure, Pressure Differential, | Rate of Oil Production, | Pressure Differential, 
Lb. per Sq. In. Lb. per Sq. In. Bbl. per Day Bbl. per Day 


We t A, Sourn BursankK Poo. 


962 0 0 

842 61 120 1.97 
838 65 130 2.00 
750 121 228 1.88 
719 184 362 1.97 
718 185 382 2.06 
710 193 385 2.00 
709 194 394 2.03 
697 : 206 453 2.20 
650 253 583 2.30 
582 321 858 2.68 

We. B, Sourn Bursank Poon 

866 od) 0 

748 118 107 0.91 
705 161 160 0.99 
652 214 196 0.92 
566 300 288 0.96 
494 372 407 1.09 
461 405 450 pa! 
420 446 539 Lok 

Wei C, Kroxuk anp Lucien Poois 

1730 0 0 

1498 232 166 0.72 
1317 413 315 0.76 
1095 635 470 0.74 
950 780 581 0.74 
813 917 668 0.73 

Wet D, Kroxuk anp Lucien Poots 

1548 0 0 

1403 145 155 1.07 
1365 183 240 1.31 
1235 313 428 1.37 
1118 430 625 1.44 
987 561 842 1.49 
900 648 977 1.51 


1710 0 0 

1630 80 255 3.19 
ioe 222 520 2.34 
1167 543 980 1.80 
1058 652 1124 1.72 
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upward, while the data for well E curve downward, yielding increasing 
indices in the first case and decreasing indices in the second case, aS may 
be seen in the upper part of Fig. 2. For wells of this type, unless it can 
be established that the data are in error, and a straight-line relationship 
can be obtained upon rerunning, endless controversy will result as to 
which value to use. The rate that yields the highest index for one well 
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Fic. 2.—TypicaL DATA OBTAINED IN KEOKUK AND LUCIEN POOLS. 


yields the lowest index for the other well. In order to minimize this 
difficulty, it may be possible to use a modified productivity index—a 
modification that may be accomplished by applying an exponent to the 
index, or by the inclusion of static bottom-hole pressure in the alloca- 
tion formula. 

Fig. 3 presents the bottom-hole pressure plotted against rate of pro- 
duction on wells C and E. The data at the high rates fall on a straight 
line for both wells, although on well E the data are curved at the low 
rates. If the straight-line relationship for well E at the high rates is 
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extended to the pressure ordinate, it indicates a static pressure of approxi- 
mately 1850 Ib., compared with an observed value of 1710 lb. Fig. 3 
illustrates another method that might be used to employ flowing bottom- 
hole pressures in the allocation of production without directly using the 
productivity index, whereby the relative ability to produce is determined 
by the rate of production at a given bottom-hole pressure. For example, 
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Fic. 3—BorroM-HOLE PRESSURE AND RATE PRODUCTION, ON WELLS C anp E. 


if the basic bottom-hole pressure selected is 1400 lb., the potential for 
well C would be 240 bbl., and well E 635 barrels. 


RECOMMENDATIONS 


In conclusion, it is recommended that when productivity indices are 
determined the following points be carefully observed: 

1. Do not take pressure or production measurements until the well 
has been given sufficient time to reach equilibrium conditions. When in 
doubt as to the period required, obtain pressure-time curves. 

2. Accurate measurement of production is just as important as accu- 
rate measurement of the bottom-hole pressure. Production measure- 
ments should be accurately gauged while the pressure gauge is in the 
hole, as well as before and after running the gauge. 

3. Measurement of the gas as well as oil should be obtained. Often 
erratic indices are due to high gas-oil ratios at certain rates of production. 

4. Every precaution should be taken to calibrate accurately the sub- 
surface pressure gauge. 
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5. Several pressure measurements should be taken opposite the 
producing formation to eliminate all possible errors. In thick forma- 
tions, readings should be taken at several points opposite the produc- 
ing formation. 

6. If the well is tubed but producing through the casing, the pressure 
measurements should be taken as near the bottom of the hole as possible, 
since under these conditions pressures in the tubing do not always reflect 
the pressure in the casing at the equivalent depths. 


DISCUSSION 


(L. L. Foley presiding) 


D. M. Cotiinewoon,* Dallas, Texas (written discussion).—In many cases we 
have found that slight errors in measurement of bottom-hole pressures or in oil- 
production gauges can be blamed for departure from the straight-line relationship 
between pressure-differential observations and rate of production. 

Probably greater accuracy is demanded of the pressure instrument than in other 
phases of bottom-hole pressure work, particularly in highly permeable reservoirs 
where the working accuracy of the instrument becomes a high percentage of the rela- 
tively low differential. 

Precautions to ensure accurate oil gauges are important. It is often advisable to 
continue the test for a longer period than required for stabilized bottom-hole condi- 
tions, because of the inaccuracy of tank gauges over a small interval of time. 

Differential-pressure data are frequently misleading when free gas from the reser- 
voir is also being produced with the oil. The free gas may come from an original 
gas cap open to the hole, from a down-coned gas cap, or from within the oil reservoir 
itself. Analysis of the gas produced at the surface, together with analyses of bottom- 
hole samples taken under pressure, permit computation of the nature and volume of 
the free gas as it moves to the well under the reservoir conditions of pressure and 
temperature. This volume may be expressed in terms of equivalent barrels of oil and 
included in the production gauge used to determine the productivity index. _How- 
ever, even then the index may not be a constant with rate of total production so figured. 
This, no doubt, is because the resistance to the passage of gas is less than the resist- 
ance to the passage of oil, volume for volume, through a sand of given permeability. 

Should the productivity index be used for proration purposes and it is further 
considered equitable and desirable that wells in a reservoir of more or less uniform 
permeability be permitted to produce with the same daily volumetric displacement 
from the reservoir, it would seem desirable to formulate a factor that would be a 
function of both volume and viscosity free-gas-to-oil ratios. This factor, proposed 
only for conditions of viscous flow, when applied to the total figure for oil and gas 
production, should give an equivalent productivity index which will be a constant 
with rate of total oil and gas production, or volumetric displacement. 


* Sun Oil Co. 


Experiments on Flow of Fluids through Sands 


By F. B. Pruummer,* Memper A.I.M.E., anp J. 8S. Woopwarpt 
(Fort Worth Meeting, October, 1936) 


THE measurement of the rate of flow of liquids through sands dates 
back to 1856, when H. d’Arcy*{, a French physicist, carried out his 
classic experiments on the flow of water through sand layers. The 
earliest recorded data on relationships of pressure to flow of fluids through 
porous rocks in this country are those of Newell®* in 1885. The first 
comprehensive studies of flow were made in 1898 by King’, who meas- 
ured the rate of flow of water and air through consolidated and uncon- 
solidated sands and published the results. From 1900 to 1920 there 
appears to have been little interest in permeability. 

In 1920 the increase in demand for oil led the U. S. Bureau of Mines 
to begin a series of experiments to determine subsurface relationships of oil 
and water and the characteristics of their flow. Mills® studied the 
relationship of flow of liquids to texture and structure of the sands, and 
Melcher” in 1925 made a quantitative study of effect of changes in 
pressure on rate of flow of crude oil through Oklahoma oil sands. Since 
1930 the importance of flow measurements to production of oil and gas 
has been emphasized by a large number of excellent investigations. 
Among these the works of Fettke®, Barb!:?, Cloud®, Nutting?4-’, Bot- 
set*, Nevin’, Tickell*?:53, Fancher, Lewis and Barnes®, Moore, Schilthuis 
and Hurst”, and Wyckoff, Botset and Muskat®’-® have contributed 
much to our knowledge of the technique of permeability measurements 
and to the laws of liquid and gas flow through porous sands. The 
application of their work has led to the establishment of laboratories for 
measuring the permeability and porosity of oil sands by most of the 
large companies. All the investigations, except those of Wyckoff, 
Botset and Muskat, and Moore, Schilthuis and Hurst deal with linear 
flow; that is, flow in a more or less straight line through a given cross- 
sectional area of sand. 

Three years ago, at the University of Texas, experiments were 
started to measure radial flow of liquids through sands; that is, flow from 
all directions toward a central opening—the conditions that operate in a 
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sand when oil from the surrounding reservoir flows to the well. The 
experiments were carried out successfully, and the mathematics involved 
in computing radial flow were worked out by Dr. Sidon Harris, In 
the same year, Wyckoff, Botset, and Muskat* published descriptions 
of their equipment for measuring both linear and radial permeability, 
worked out a new formula for radial flow somewhat simpler than the 
one used by Dr. Harris, and applied their formula to determine the rate 
of production of East Texas oil wells. Their work deserves much credit 
and has been of much help in our investigations. 


Merruop or Mrasurine Rapa Frow 


The method consists of cutting 4-in. cores with a core drill, then 
drilling a 34-in. hole vertically through the center. The cores are placed 


Fic. 1.—Corr HOLDERS AND CORES FOR MEASURING RADIAL FLOW OF CONSOLIDATED 
SANDS. 


in core holders (Fig. 1) and the core holders inserted into a pressure- 
cylinder. A 16-in., rectangularly shaped tank is placed inside the cylinder 
and filled with oil until the cores are completely immersed. Then the 
cylinder head is clamped on and bolted in place. Brass tubes yy a in 
diameter are inserted into the core holders and connected into the ‘well 
heads” of the holders by means of a screw connection. The tubes lead 
out into graduated receivers in which the oil that flows through the 
cores is measured (Fig. 2). Pressure is applied to the cylinder from a 
small compressor, and the differential pressure between the reservoir and 
producing side of the sand is measured by a manometer. The time 
required to flow 500 c.c. of oil into the receivers is recorded by a os 
watch, The viscosity of the oil in the receivers is measured with an 
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Ostwald pipette. Radial permeability is calculated by the following 
formula worked out by Wyckoff® and his associates: 


U -Q log. ne 
jg 
2nt(P1 — Pe) 


Fic. 2.—CoMPLETE APPARATUS FOR MEASURING RADIAL FLOW. 
a, cylinder closed; b, cylinder open, showing fluid tank. 


Smaller cores can be used but the results are not quite so representative. 
K = permeability, darcys, 
U = viscosity, centipioses, 
Q = rate of flow, c.c. per second, 
r, = diameter of core, cm., 
r, = diameter of central hole, em., 
t = thickness of core, em., 
P, = pressure of reservoir, atmospheres, 
P, = pressure at bottom of hole, atmospheres. 
From this: 
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COMPARISON OF LINEAR AND RapIAL PERMEABILITY 


The standard methods of determining linear permeability are simpler 
and the working time is shorter than the methods and operating time for 
radial permeability. The results obtained with the linear-permeability 
equipment are as accurate and as useful as those for radial permeability. 
The radial-permeability apparatus, however, furnishes a means of 
investigating flow through sand and a wider variety of conditions, 
diversity of liquids, gases and mixtures and permits a greater control 


Fic. 3.—APPARATUS USED AT UNIVERSITY OF TEXAS FOR MEASURING LINEAR FLOW 
(DESIGNED By FANcHER, LEWIS AND BARNES). 


of experimental conditions than the linear apparatus. Table 1 shows 
a comparison of typical results of measurements made of the same sand 
by the two methods. The 5-in. samples were cut out of the cores in a 
horizontal direction and the linear permeability was measured in an 
apparatus similar to that described by Fancher, Lewis and Barnes*® and 
illustrated in Fig. 3. Dry air was used as the flow medium and all 
ordinary precautions were exercised to obtain accurate measurements. 
The results are shown in Table 1. 


TABLE 1.—Comparison of Radial and Iinear Permeability 


‘ Radial Li 6 

Sand Pericability Pomneabilits Difference 
Queen: Cityer =o, cten meet at tans = 0.183 0.110 0.073 
(Gratordsupperre. sericea soe: 0.0137 0.0139 0.0002 
Gratord slower: wesc cee. case 0.110 0.166 0.056 
Pair xyaatinia et krctael Aiea bie BAS ais. 0.518 0.695 ORtia 


A typical example of linear-permeability measurements of samples 
taken out of same 4-in. core is: sample No. 1, linear permeability 0.110; 
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sample No. 2, 0.1092; sample No. 3, 0.138; sample No. 4, 0.082; maximum 
difference, 0.056. 

The results except for the Paluxy sand are quite close; in fact, closer 
than one would expect, considering the wide difference in size between 
the small chunk used in the linear-permeability apparatus and the large 
cores used in the radial apparatus. In fact, the variation in the permea- 
bility of three different samples taken from the same 4-in. core is greater 
than most of the variation between the results obtained by the linear 
and radial methods. 


Mertuop oF MEASURING PERMEABILITY OF UNCONSOLIDATED SANDS 


The measurement of the permeability of uncemented sand has been 
desirable; first, because many Gulf Coast oil sands are so friable that it is 


Fic, 4.—CorE HOLDERS FOR MEASUREMENT OF RATE OF FLOW THROUGH UNCON- 
SOLIDATED SANDS, 


difficult or impossible to get samples that can be measured in the usual 
way; second, because the preparation of 4-in. consolidated cores with 
central drill holes is tedious and time-consuming. Much time and work 
can be saved in many flow experiments if loose sands can be used. The 
holders for loose sand consisted of two perforated brass cylinders 4 in. 
long set in grooved brass plates and clamped with 3¢-in. steel bolts and 
nuts (Fig. 4). The inner cylinder is one inch in diameter and covered 
on the outside by 60-mesh brass screen. The outer cylinder is 4 in. 
in diameter, and contains on its inside a close-fitting cylindrical 60-mesh 
brass screen. The two cylinders with their screens are set on the brass 
plate containing the tie-down bolts. The sand to be measured is poured 
in, saturated with the fluid to be used in the measurement, the cylinder 
completely filled, the upper plate placed in position and drawn down 
until the sand is compressed as much as possible between the two plates. 
If the upper plate engaged the cylinder edge, it is removed and the 
cylinder filled again with sand and recompressed. Two or three trials 
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are generally sufficient to be certain that the sand is compressed as much 
as the bolts and brass cylinders will allow. The cylinders are then 
placed in the steel pressure chamber and the permeability measured in 
exactly the same way as for that of solid cores. 


COMPARISON OF PERMEABILITY OF UNCONSOLIDATED AND 
SEMICONSOLIDATED SAND 


The method of measuring the permeability of unconsolidated sand 
was tested, first, by measuring a number of samples of the same sand; 
and, second, by measuring the permeability of cores of semiconsolidated 
sand, and comparing the results with pulverized samples of the same core 
measured in the perforated and screened containers. (Fig. 5) shows the 
results obtained from typical samples of Travis Peak, Paluxy, and 
Queen City Marine sand. 


TABLE 2.—Permeability of Sands from Paluxy, Travis Peak and Queen City 
Formations 


Permeability, Darcys 


Difference 
Unconsolidated Semiconsolidated 
IDalixy acneenntrcene cre cena ae tonk 0.63 0.58 —0.122 
eiravis Peak: iaee Je neetnl 46% ao tee 5.7 4.2 —1.5 
G@aeeil: CLEY: chavo. aieuptenn cas. hoi eiea oe fone se 1.142 0.883 —0.259 


Kerosene was used as the liquid. The unconsolidated sand was com- 
pletely disintegrated and dried before it was put into the core holders. 
A trace of the sand passed through the screens at the beginning of the 
liquid flow. After a minute, no sand was produced in any of the tests. 
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Fic. 5.—PERMEABILITY OF TYPICAL UNCONSOLIDATED SAND. 


So 


The difference between the semiconsolidated and unconsolidated sand 
averaged 0.627 darcys. The greatest difference is 1.5 darcys and the 
smallest difference is 0.122. The semiconsolidated sand was just hard 
enough to be cut and several broke down during the process. Neverthe- 
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less, in order to hold together at all it must be slightly cemented. There- 
fore, it should be less permeable than the unconsolidated. The results 
show this to be true, and the presence of cementing material in the sand 
lowers its permeability (Fig. 6). 


Errect oF Size oF HoLe on Rate or FLOow 


Wyckoff, Botset and Muskat® showed that the permeability varied 
as the natural log of the ratio of the radius of the drainage area divided 
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Fic. 6.—CoMPARISON OF UNCONSOLIDATED AND SEMICONSOLIDATED SAND OF SIMILAR 
TEXTURE. 

by the radius of the hole in the sand. Theoretically, therefore, if the 
radius of a 0.9-cm. hole in a 4-in. core is doubled, and all other factors are 
kept constant, the rate of flow is increased 43 per cent. This effect was 
tested out in the radial-permeability apparatus as follows: First, holes 
0.9 cm. in diameter were cut in four different typical oil sands. The 
cores were placed in the core holders and the permeability carefully 
measured. Then the holes were enlarged to 2.2 cm., a little more than 
twice the first size, and the permeability again measured. The cores 
were again removed from the holders and the holes reamed out to 3.75 cm., 
or a little more than three times the original size and the permeability 
measured for the third time (Fig. 7). A comparison of the results is 
shown in Fig. 8 and Table 3. 


TaBLE 3.—Effect of Increasing Size of Hole on Rate of Flow in Edwards 
Oolitic Limestone at a Pressure of 83 Atmospheres 


Diameter of Hole, Cm. Production, C.c. per Sec. agar seek er Bandy 
0.9 0.2 
2.2 0.305 52.5 
3.75 0.49 145.0 


~— 
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The results are a little larger than they should be theoretically, 
because the calculations are not corrected for the shorter distance 
traveled by the fluid in flowing from the periphery of the core to the 
larger hole. This amounts to an increase of about 10 per cent: The 
results show clearly that the larger the hole the larger the production 
of the well, and they indicate that where large potentials are desirable 
underreaming to increase the size of the hole in the sand is good practice. 


Errect oF Deptu oF PENETRATION OF SAND ON RaTE oF FLow or OIL 


All field men know that the deeper a well is drilled into a sand, other 
factors remaining the same, the larger the production. Yet few figures are 


Fia. 7.—Corrs WITH HOLES OF DIFFERENT SIZES. 


available showing quantitatively just what is the rate of increase per foot 
of depth penetrated. Experiments were carried out showing the effect 
of penetration on the flow of oil through the 4-in. cores. Four typical 
oil-sand cores were selected and drilled exactly one inch with 5¢-in. drills. 
The cores were placed in the core holders and the permeability measured. 
Then the holes were drilled 2 in. deep, the cores thoroughly cleaned and 
the permeability measurements repeated. Next the holes were all 
deepened to 3 in., and then to 4 inches, and the respective permea- 
bility measurements determined after each deepening. The results of 
the increase in depth on the rate of flow is shown in Table 4 and in the 
graphs in Fig. 9. 


TaBLe 4.—H fect of Increased Penetration on Rate of Flow in Pennsylvanian 
Sandstone at 214 Atmospheres Pressure 


Penetration, Per Cent ie Hole meen G, Scena, ey ee niece 
25 1 0.235 
50 2 0.49 108 
75 3 0. 64 172 
100 4 0.80 240 
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The rate of increase of flow through oil-sand cores with increase in 
penetration is an exponential function, which may be represented by a 
simple empirical equation or solved by means of a graph. Additional 
data, especially field observations, are desirable before establishing a 
final solution. 

It would be extremely interesting to measure the actual rate of flow of 
an oil well at different penetration depths and to ascertain the actual 
increase in production of oil. The laboratory results probably would be 
more applicable if much larger diameter cores could be used. They 
indicate, however, that penetration is an important factor in the potential 
production of an oil well. 


EFFECT OF PRESENCE OF WATER ON FLOW OF OIL THROUGH CoRES OF OIL 
SANDS 


The radial permeability apparatus is adapted well to the study of the 
effect of oil-water mixtures on total oil recovery through cores. A number 
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Fic. 8.—EFFECT OF SIZE OF HOLE UPON RATE OF FLOW, TAKING PRODUCTION FROM 
SMALLEST HOLE AT 100 PER CENT. 

of experiments have been carried out to study the flow of mixtures of oil 
and gas and oil and water through sands. One example will serve to 
illustrate the experiments. Cores of four oil sands of different permea- 
bilities were placed in the pressure cylinder of the permeability apparatus, 
and the permeability of each measured with kerosene in the usual way. 
Then while the cores were still thoroughly saturated with kerosene, the 
oil in the apparatus was all removed and replaced by a mixture of exactly 
one-half kerosene and one-half water. The water-kerosene line reached 
to exactly the halfway line on the sides of the cores (Fig. 10). Then the 
pressure was turned on and the oil allowed to produce, with the results 
shown in Table 5. 

The results show that at first the capillary action of the water on the 
oil operates to drive some of the oil out of the finer pores into the larger 
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passageways and that the cores produce more oil than water. This 
continues for about 10 hr. in the finest grained sand. After 24 hr. the 
capillary drive is complete, and the oil-water ratios continue uniform as 
long as the fluids are produced. The ratios of oil to water vary with the 


TABLE 5.—Flow of Kerosene-water Mixtures through Sands (at All 
Pressures) 


Percentage of Flow 


15 Min. 60 Min. 24 Hr. 


H20 Oil H20 Oil H20 Oil 


Pennsylvanian sand No. 1 from Possum King- 
LOMA IS CIC ees arte poe Neral chstebcltr ts alle. Caectwerd 6% 9.6 | 90.4; 9.6 | 90.4, 21] 79 


CROFMEN SEL: Sateen creeks ue Wenn aeeameee: ee ears 9.6 | 90.4) 9.6 | 90.4, 10] 90 
Pennsylvanian sand No. 3 from Mineral Wells./21.2 | 78.8/46.0 | 54.0} 48 | 52 
Cretaceous oolitic limestone from Cedar Park.| 0 /|100.0/10.0 | 90.0) 91 9 


permeability. The finest grained, least permeable cores produce the 
greatest amount of water, as shown by Table 6. 


TABLE 6.—Relation of Water-oil Ratio to Permeability and Porosity of Cores 


Permeability, 


Oil, Porosity, 
Per Cent Darcys 


Per Cent 


HO, 
Per'Cent 


79 0.146 23.5 
90 0.0755 22.4 
60 0.615 36 

9 0.00227 | 31.05 


Pennsyivananssand pNO wl sence nee eece 
Pennsylvanian sand No. 2................ 
Pennsylvanian sand No. 3...............-. 
Cretaceous oolitic limestone............... 


The oil-water ratios can be changed in the same cores by decreasing the 
surface tension of the water by addition of a surface-tension breaker and 
by pinching in the flow so that the production time is reduced to a 
minimum. Further experiments are now under way to determine con- 
ditions under which the largest percentage of oil is obtained. 


SUMMARY 


The experiments described in this paper show that laws of radial flow 
can be successfully demonstrated by using small cores in a pressure 
cylinder. The effect of various factors that influence production can be 
studied and better understood. ‘Thus the effect of amount of compaction, 
amount of cementation, texture of sands, depth of penetration, and size 
of hole on the rate of flow of fluids through sands is strikingly brought out. 
But most interesting, perhaps, is the opportunity to demonstrate the 
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effect of size of pore space on oil-water ratios, the effect of different 
pressures on oil-water ratios, and the effect of rate of production on oil- 
water ratios. It is planned to extend these experiments to include 
studies of the flow of mixtures having different surface and interfacial 
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Fic. 10.—DtIAGRAM OF CORES AND CORE HOLDERS SHOWING POSITION OF OIL, WATER 
AND CONTACT LINE, 


tension, the flow of emulsions and the effects of various types of cleaning 
solutions on oil production. 
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Chapter III. Stabilization 


Can the Rule of Capture Be Rationalized > 


By Earu Oniver,* Memper A.I.M.E. 


(New York Meeting, February, 1937) 
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 Tue’A.I.M.E. Stabilization Committee was named in 1932 to ascer- 
tain whether some practical substitute could be devised for the Rule of 
Capture, which was generally credited with being the major cause of 
instability in the Petroleum Industry. After considerable intercommittee 
correspondence a letter was received from E. DeGolyer under date of 
Jan. 25, 1935, in which he discussed the possibility of modifying rather 
than discarding the Rule of Capture. He summarized his proposal 
as follows: 


Manuscript received at the office of the Institute Nov. 23, 1936. 
* Appraisal Engineer, Ponca City, Okla. 
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The one thought that I want to leave with you is that possibly we are wrong in 
supposing that the destruction of the Rule of Capture is a prerequisite to correcting 
the evils of the production end of the business. It may be that it is as good a base as 
any other upon which to build decent regulations. 


Mr. DeGolyer’s letter was circulated among members of the Com- 
mittee, with the result that the issue set forth in the title of this paper 
was developed. The material received in reply is too voluminous to 
reproduce here. We can do no more than attempt to apply to it the 
mechanical, economic, political and legal tests proposed by Dean Roscoe 
Pound, of Harvard Law School. This paper in no manner represents the 
considered conclusion of the committee, but is instead merely an attempt 
by its chairman to provide an outline on which to develop a discussion of 
the subject. Many helpful criticisms were received for which apprecia- 
tion is expressed. 


DEFINITIONS AND REMEDIES 


Robert E. Hardwicke, in the ‘‘ Rule of Capture and Its Implications 
as Applied to Oil and Gas,” described the Rule of Capture and its anti- 
thesis as follows!: 


Disregarding refinements, and apart from implications or incidental corollaries, 
and reduced to its fundamentals, the Rule of Capture may be stated as follows: The 
owner of a tract of land acquires title to the oil or gas which he produces from wells 
drilled thereon, though it may be proved that part of such oil or gas migrated from 
adjoining lands. The antithesis of the Rule of Capture is: The owner of a tract of 
land owns the oil and gas in place and should such minerals migrate to a neighbor’s 
land and be produced from wells thereon, title would not vest in the neighbor, but, 
to the contrary, the migrating oil or gas, or at least an amount equal to that which 
migrated, could be recovered by the true owner. 


This is an exact, comprehensive, and concise statement regarding 
ownership to oil and gas in the United States. It brings out in bold 
relief the fundamental characteristics of two inherently different theories 
of that ownership. Law is of value to society only in the results that it 
produces. Confusion has resulted in the Oil Industry, and the Law of Oil 
and Gas has been made an incomprehensible jumble through the efforts 
of courts to reconcile and combine these two inherently conflicting 
theories of ownership. The result is a hybrid, reflected in waste and 
instability of the Oil Industry. 

In five, or possibly six, states it is held there can be no such thing as 
Ownership of Oil and Gas in Place and that the owner of land possesses 
only the exclusive right to reduce to possession oil and gas that may be 
recovered through wells drilled on his land. In ten states Ownership in 
Place is recognized. However, all oil men know that as a practical oper- 
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ating problem exactly the same rule is applied in every state without 
distinction, and that the rule which is used is the so-called Rule of Capture. 

This incongruity in those states where Ownership in Place is said to 
prevail can be explained away by no other sensible theory, if words 
mean anything in a practical way, than that the best evidence of the 
content of land is what comes out of it. The fallacy of that assumption 
can be illustrated by quoting the opinions out of which originated the 
strange mass of inconsistency now known as Oil and Gas Law. 

In 1889 the Supreme Court of Pennsylvania in the case of West- 
moreland Natural Gas Company vs. DeWitt? said: 


Water and oil, and still more strongly, gas may be classed by themselves, if the 
analogy be not too fanciful, as minerals ferae naturae. In common with animals, and 
unlike other minerals, they have the power and the tendency to escape without the 
volition of the owner. Their ‘fugitive and wandering existence within the limits of a 
particular tract was uncertain,’ as said by Chief Justice Agnew in Brown vs. Vander- 
grift, 80 Pas. St. 147, 148. They belong to the owner of the land and are part of it, 
so long as they are on or in it, and are subject to his control; but when they escape and 
go into other land, or come under another’s control, the title of the former owner is 
gone. Possession of the land, therefore, is not necessarily possession of the gas. If an 
adjoining, or even a distant, owner drills his own land, and taps your gas, so that it 
comes into his well and under his control, it is no longer yours, but his. 


What a weird conception of ownership! Now you see it! Now you 
don’t! No wonder Henry M. Bates, Dean of Michigan Law School, 
when discussing in 1934 the practical operation of that conception of 
ownership after a half century of experience with it, said’, ‘‘This in itself 
violates any sane theory of property rights.” 

In 1897 the Supreme Court of Ohio in Kelly vs. Ohio Oil Com- 
pany? said: 


Whatever gets into the well belongs to the owner of the well, no matter where it 
came from. In such cases the well and its contents belong to the owner or lessee to 
the land, and no one can tell to a certainty from whence the oil, gas, or water which 
enters the well came, and no legal right as to the same can be established or enforced 
by an adjoining landowner. . . . While it is generally supposed that oil is drained 
into wells for a distance of several hundred feet, the matter is somewhat uncertain, 
and no right of sufficient weight can be founded upon such uncertain supposition to 
overcome the well-known right which every man has to use his property as he pleases, 
so long as he does not interfere with the legal rights of others. Protection of lines 
of adjoining lands by the drilling of wells on both sides of such lines affords an ample 
and sufficient remedy for the supposed grievances complained of in the petition and 
supplemental petition, without resort to either an injunction or an accounting. 


It is conceivable how a court in light of the meager knowledge of the 
actions of reservoir content in the year this opinion was written could have 


2130 Pas. 235, 18 Atl. 724. 
3 See extended analysis by Dean Bates on page 149. 
457 Ohio State 317, 49 N.E. 399. 
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made such a statement. But for a court or lawyer in the year 1937, in 
light of the knowledge of reservoir content action existing on the latter 
date, to proclaim solemnly the same doctrine does not inspire respect for 
the law or its agencies. 

Finally, in 1907 the Supreme Court of Pennsylvania, with these two 
opinions and others like them as a foundation, proclaimed in Bernard vs. 
Monongahela Gas Company the legal standard of cooperation among 
neighbors in a common pool that has since shaped the morals of the Oil 
Industry. Its chief characteristic is that it removes from property rights 
in oil and gas the protection against despoliation by others that the law 
has given to property from timeimmemorial. This is considered to be the 
leading case in defining the Rule of Capture, and is invariably cited 
as an authority in connection with any discussion of that rule. The fol- 
lowing excerpt, quoted very frequently, is a landmark in Oil and Gas Law’: 


An oil or gas well may draw its product from an indefinite distance and in time 
exhaust a large space. Exact knowledge on this subject is not at present attainable, 
but the vagrant character of the mineral and the porous sand rock in which it is found 
and through which it moves fully justify the general conclusion we have stated above 
and have led to its general adoption by practical operators. ‘The right of every 
landowner to drill a well on his own land at whatever spot he may see fit’ certainly 
must be conceded. If, then, the landowner drills on his land at such a spot as best 
subserves his purposes, what is the standing of the adjoining landowner whose oil or 
gas may be drained by his well? He certainly ought not to be allowed to stop his 
neighbor from developing his own farm. There is no certain way of ascertaining 
how much of the oil and gas that comes out of the well was when in situ under this 
farm and how much under that. What, then, has been held to be the law? It is 
this, as we understand it, every landowner or his lessee may locate his wells wherever 
he pleases, regardless of the interests of others. He may distribute them over the 
whole farm or locate them only on one part of it. He may crowd the adjoining farms 
so as to enable him to draw the oil and gas from them. What, then, can the neighbor 
do? Nothing; only go and do likewise. He must protect his own oil and gas. He 
knows it is wild and will run away if it finds an opening and it is his business to keep 
it at home. This may not be the best rule; but neither the legislature or our highest 
court has given us any better. No doubt many thousands of dollars have been 
expended ‘in protecting lines’ in oil and gas territory that would not have been 
expended if some rule had existed by which it could have been avoided. Injunction 
certainly is not the remedy. 


Courts are necessarily compelled to base their decisions on precedents. 
In early America the vagaries of a calf browsing through the virgin forest 
were said to have started a sheep trail that became a path, then a road, 
and finally the street of a great city. That is the history of the Oil 
Industry. ‘Trial lawyers are compelled to accept the law as it is, some- 
times finding consistencies where none exist. Society, however, is inter- 
ested only in economic and social results. It is a function of government 
to straighten legal highways when they lead to absurd results. 


5 216 Pa. 362, 65 Atl. 801. 
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Mr. Hardwicke’s statement clearly defines two conflicting theories 
of ownership. The first is the Capture Rule that now applies to oil 
and gas and a few other items, either inexhaustible or nonessential. 
The second theory so aptly described by him as ‘‘the antithesis of the 
Rule of Capture” is the customary rule of ownership applied generally 
to all other tangible things classified as property. In popular parlance, 
when applied to oil, it is known as ‘‘Ownership in Place.” The term 
Ownership in Place shall therefore be used throughout this paper when 
that theory is being designated. 

Economic pressure is compelling the Oil Industry to straighten out 
its processes. Originally, there were three schools of thought regarding 
that straightening procedure: 

1. Those who contended that the State, except by Constitutional 
amendment, had no power to change the rule as laid down in Bernard vs. 
Monongahela Gas Company, quoted above. 

2. Those who contend that the Rule of Capture is subject to regulation 
and modification under the ordinary police power of the State and as 
such is the only logical and practical means of administering the Law of 
Oil and Gas. 

3. Those who contend that the Rule of Capture, regardless of any 
regulation that might be imposed upon it, has certain inherent character- 
istics that make it incapable of adaptation to changing concepts of good 
production practice and that it should be discarded gradually as an owner- 
ship concept in favor of Ownership in Place. 

Very early in the Proration era, the first contention became a live 
issue, but the State and Federal courts uniformly ruled against it, so 
that it is no longer an issue, except as a half-century of practice leaves its 
influence on public opinion and molds public attitudes. The second 
suggested course is the one now in most general favor and is in universal 
application throughout the United States. However, Proration under 
that principle is becoming unduly burdensome. Waste of oil and gas 
is being perpetuated, and government supervision of detail is pro- 
moted by it. It leaves much to be desired as an aid to Conservation 
and Stabilization. . 

The symposium which this paper is designed to promote will discuss 
the relative merits of the second and third proposals. When foundations 
are being rebuilt, as is now taking place in the Oil Industry, there is little 
justification in substituting another foundation equally unsound. 


Dean Pounp’s TESTS 


Dean Roscoe Pound of Harvard Law School analyzed this issue 


as follows’: 
¢ 2228S SS Le nnn nee nee 
6 Trans. A.I.M.E. (1935) 114. 
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I would say the subject is one requiring consideration from a mechanical, an 
economic, a political, and a legal standpoint. If you are able to work out a program 
that is mechanically feasible, that is economically advisable, and which seems to your 
judgment to be politically wise, you will not have very much trouble in the end in 
inducing the courts of today to find that it is legally sound. 


No doubt the converse of Dean Pound’s analysis is equally true. 
If the program is mechanically not feasible, economically inadvisable, 
and politically unwise, we should not have very much trouble in the end 
in convincing agencies of government today that it is legally unsound. 

The remainder of this paper shall be devoted to testing out both 
the Capture Rule and Ownership in Place by the standard given to us by 
Dean Pound. In this comparison the term ‘‘Capture Rule” shall imply 
the rule as defined in Bernard vs. Monongahela Gas Company. In 
several states that rule has been temporarily modified to some degree 
since the beginning of Proration, but there is no uniformity about that 
modification, nor is there any assurance such modification will remain 
beyond the period that Proration is applied. In any event, in all cases 
the inherent characteristics of the Capture Rule remain, and to that 
degree the influences of the Capture Rule that are described in the 
comparison will make themselves felt. When the term ‘‘Ownership in 
Place” is used, it shall signify the antithesis of the Capture Rule as 
described by Mr. Hardwicke. 


I. Mechanically Feasible Test of the Capture Rule 


Two major objectives are at all times present in the production of 
oil and gas. They are: 

1. Efficient extraction of the reservoir content produced at the time 
and rate society needs it; and 

2. Equitable distribution of that reservoir content and the market 
therefor among its respective owners. 

If either of these two objectives is not attained, then legal, economic, 
or political instability is created in the Industry. Attainment of both 
simultaneously is impossible under operation of the Capture Rule for 
reasons that will appear presently. 

In the typical virgin oil and gas pool, before its content has been 
disturbed, gas, oil, and water, under great pressure, are found together 
in the reservoir, with gas occupying the high points, oil the intermediate 
space, and water the space immediately below. Thus on one side of the 
oil is the pressure of compressed gas, and on the other side is the pressure 
of a head of water. Under these circumstances, if a hole is drilled into 
that part of the reservoir occupied by oil, the behavior of these three 
fluids under great pressure is to drive the oil through the ‘‘sand” to and 
out of the well. If a hole is drilled into that part of the reservoir occupied - 
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by gas or water, then that product will escape without moving oil before 
it into the well. 

M. Albertson, petroleum engineer, recently listed the factors that 
determine recovery from a reservoir, as follows’: 

1. Quantity of oil in the productive formation. 

2. Energy available to move oil to the well. 

3. Loss of energy other than in movement of oil. 

4. Efficiency with which energy is consumed in moving oil to well. 

5. Loss of oil and gas due to leakage from reservoir. 

Fortunately, energy to do this work is stored in the virgin reservoir, 
available at no cost, provided it is conserved and controlled. In some 
pools free gas does not exist, in which case energy is derived from encroach- 
ing water and dissolved gas; in other pools encroaching water is absent 
and energy is derived from free and dissolved gas; in most pools a com- 
bination in some ratio of both sources of energy prevails; but in every 
pool, whether energy be derived from water, compressed gas, or both, the 
principle of expulsion from the ‘‘sand” remains the same. Conservation 
and control of reservoir energy is therefore essential to efficient recovery 
of reservoir content. Without it recovery through drilled wells would 
be impossible. 

In one ‘‘exhausted”’ pool known to the writer, cores from the sand 
indicated 93 per cent of the original oil content of the sand remained 
there, lost to recovery through early exploitation of the gas content of 
the reservoir for domestic consumption in near-by cities. The gas 
would have been equally valuable for domestic consumption after utiliz- 
ing its energy content in recovering oil from the common reservoir in 
which both were contained. 

John Suman, petroleum engineer, summarized all these recovery 
principles in the following cryptic remark: ‘‘Efficient recovery methods 
consist in catching oil in the reservoir between the gas and water and 
squeezing Hell out of it.” 

Sir John Cadman, president of Anglo-Persian Oil Co., described the 
result of applying these principles to a pool in Persia to be: ‘In that 
particular oil field all that has to be done now is to open the necessary 
number of valves by means of which the production of crude can from 
day to day or from hour to hour be regulated to our requirements to a 
nicety, just as regularly and accurately as when one turns on the water 
for one’s bath.” 

It is clear from these various summarizations that the wells through 
which oil and gas are recovered must be located with respect to the con- 
tent of the reservoir rather than with respect to the boundary lines of 
surface ownership. Many tracts of land overlying productive parts of 


7 Trans. A.I.M.E. (1936) 118. 
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the field would be unsuited for well locations; hence, under the recovery 
principles summarized by Messrs. Albertson, Suman and Cadman, no 
wells would be drilled on those tracts. 

In that event objective No. 2 would be sacrificed because under the 
Capture Rule the owner of land does not in reality acquire title to the oil 
and gas in his land until he brings them out through wells drilled on his 
land. Instead, they would become the property of the adjacent owner, 
whose land is better located for efficient extraction. 

When State proration agencies attempt to promote both Stabilization 
and efficient recovery through imposing rules and regulations that 
require low gas-oil ratios, they penalize the owner of high gas-oil ratio 
tracts, since they do not permit him to capture the content of his own 
land. He thereupon sues to restrain the Proration commission on the 
theory that his property is being confiscated, and the court, upon proper 
showing, pronounces the Proration order invalid. Public opinion does 
not condone confiscation of individual rights, particularly if they belong 
to small owners. 

If equitable allocation and the efficient type of extraction suggested 
by Messrs. Albertson, Suman and Cadman are both to be attained, it is 
obvious that some means must be found whereby the owners of high gas- 
oil ratio tracts of land do not lose title to the oil and gas content of their 
land if it is brought out through wells drilled on the land of another. 

From these facts it is clear that attainment under the Capture Rule 
of both objectives simultaneously is not mechanically possible. There- 
fore, the Capture Rule does not. satisfy the mechanically feasible test. 


The Mechanically Feasible Test of Ownership in Place 


Methods of allocating oil and gas to its respective owners under the 
Ownership in Place rule fall into two distinct classes, the choice of which 
should be left to determination of the owners in any given pool or prospec- 
tive pool as indicated by a majority vote based on a procedure designed to 
protect every interest involved. Those two methods are: (a) mechanical 
separation and (b) engineering appraisal. Neither of these methods 
provides perfect allocation of the oil and gas in place, but they will gradu- 
ally become more accurate as experience points the way. The United 
States Supreme Court recently observed that many questions arise in 
everyday business which cannot be answered with mathematical 
precision. Consequently, ‘‘the law, which is said not to require 
impossibilities, must be satisfied in many of its applications with fair and 
reasonable approximations’,”’ 

The mechanical separation method is based on uniform well spacing 
and uniform development and production methods. Under this condi- 
tion the variations in potential capacity of the wells to produce are 


* Utah Power & Light Co. vs. Pfrost, 286 U.S. 165, at 191 (1932). 
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assumed to reflect the relative productivity of each tract. During 
periods of overproduction, when curtailment becomes necessary, the 
allowable is then prorated on the basis of potentials corrected by the 
scientific processes that are currently found to be applicable. Under this 
plan, the oil and gas produced from the wells on a tract are assumed to 
represent the oil that was in place on that tract. This assumption is 
false and inaccurate to a certain extent and is the same assumption on 
which the Capture Rule was originally based, but it is the nearest 
approach to recoverable acreage content that is applicable to nonunitized 
pools. ‘The essential difference between this plan and the Capture Rule 
is that there would be complete uniformity of well spacing and develop- 
ment and production methods throughout the entire pool, and the 
aggrieved party would be entitled to compensation in damages, or a 
restraining order against the violator, whereas under the Capture Rule, 
as it had eventually developed prior to Proration, the owner of each tract 
was privileged to determine the well spacing and development and 
production methods for his own tract in total disregard of that which 
might be in general use throughout the pool, and the only remedy the 
aggrieved party had under the law was to drill offset wells and adopt 
other equally wasteful methods as did the violator. 

There is a noticeable tendency under Proration to move from the 
unregulated Capture Rule toward this mechanical separation method of 
Ownership in Place, although the hangover effect of the Capture Rule 
still dominates oil and gas decisions and influences the granting of 
destructive exceptions to Proration rules. ‘The Brown-Humble decision 
was based on a mild form of mechanical separation under Ownership in 
Place and was a distinct step in moving back toward the original intent 
of the Capture Rule as an incident in the administration of Ownership 
in Place. 

The engineering appraisal method is based on estimates of recoverable 
acreage content developed from information on the reservoir and its 
contents, such as thickness and extent of producing sand, its porosity, 
permeability, and saturation; pressure in the reservoir; potential capacity 
of wells; and many other factors that must be weighed and evaluated 
in formulating estimates. In its application the respective owners are 
made tenants in common and share in all oil and gas taken at any point 
from the reservoir in proportion as the estimated recoverable content of ~ 
each owner’s land is to the estimated recoverable content of the reservoir. 
Under this method a period of planned exploration, including an explora- 
tory drilling campaign, to define the pool and secure the necessary data 
on which to base estimates is essential before commercial exploitation is 
undertaken. It requires Unit Operation for its application. 

As between these two methods of allocating oil and gas under Owner- 
ship in Place, the engineering appraisal method, if carefully done, is 
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most likely to approach nearer to exact justice. However, as previously 
stated, neither of them can distribute the oil and gas from the reservoir 
between owners on the basis of recoverable acreage content with mathe- 
matical accuracy, but they represent the nearest approach to that 
standard that it has been possible to devise. They come incomparably 
nearer to that ideal than the unregulated Capture Rule. 

The engineering appraisal method, coupled with Unit Operation, is 
the only method of operation now known to students of the Industry 
under which it is possible to attain simultaneously both objectives set 
forth at the beginning of this paper. Furthermore, it is possible to do 
that with greatest degree of success only in virgin pools where the content 
has been undisturbed. Under those conditions appraisal engineers can 
determine relative acreage content by means of a preliminary explora- 
tory drilling campaign with such reasonable dependability as will satisfy 
the standard set by the United States Supreme Court quoted above. 
Neither, as in ‘‘confusion of goods,” will it be necessary to have actual 
identification of the oil and gas which migrated from one tract of land to 
another to establish ownership to that oil and gas, but justice is done 
and the law is satisfied by awarding the rightful owner an amount 
reasonably equal to that which migrated. 

While the engineering appraisal method with Unit Operation would be 
the most efficient type of operation under Ownership in Place, it is 
essential to have as an alternative the mechanical separation method for 
those pools which for some reason are not susceptible to Unit Operation. 
With these two alternative methods it is entirely feasible for any State 
to discard the Capture Rule and operate wholly under Ownership in 
Place, except in those pools already wholly or partly drilled under the 
Capture Rule theory. Naturally, those pools should continue to exhaus- 
tion under the spacing they have already adopted. 

Several years ago, after the American Petroleum Institute endorsed 
at Chicago under the title of ‘‘New Conception of Oil Development’’ the 
A.I.M.E. proposal of Ownership in Place, the engineers appointed by 
the American Petroleum Institute to develop a working hypothesis 
for the idea came to an impasse over the question of whether each owner 
was entitled to a quantity of oil and gas substantially equal to that which 
originally was in place, or whether, on the contrary, the assumed ability 
of properties higher on the structure to recover larger quantities of oil 
than those lower on the structure was to be given consideration. Influ- 
ence against giving up that advantage of migration was sufficient to 
prevent its sacrifice. The argument was that this is a natural migra- 
tion, and therefore the owner higher on the structure was entitled to 
that advantage. 

The fallacy of that argument is that the movement up-structure is a 
natural movement only under the Capture Rule and would not be a 
natural movement under energy control. On the contrary, especially 
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in Unit Operation, the movement of oil more likely would be down- 
structure under the influence of an expanding gas cap. Full considera- 
tion of this question makes it clear that Ownership in Place should not 
include advantage of migration to “favorable” location on structure, for 
that would be merely continuing the Capture Rule with all its handicaps 
of waste and obstacles to securing cooperation. Each owner would 
agree only to that pattern of energy control that would drive oil toward 
his property. It might be more difficult to prevent that migration under 
the mechanical separation method of Allocation, but it would present no 
problem under Unit Operation. 

Dissociated from the Capture Rule with a stabilized Industry, the 
allocation of markets would be much simplified and would find their 
solution with the restraint of trade practices. 

Compulsory cooperation among adjacent owners is a simple, well- 
known procedure. For many centuries it has been a well recognized 
function of government throughout the civilized world to prescribe 
regulations for the better and more economical management of properties 
which adjoin, or for some other reason can be better managed or improved 
by joint operation. However, at this point it is pertinent to relate that 
Unit Operation has lost some of its original appeal as a corrective of 
the Oil Industry’s ills because of dissatisfaction on the part of occasional 
participants at some fancied or actual lack of good faith on the part of 
those in whom operating control was placed. This differs in no respect 
from the experience of the average partner in any undertaking, the 
minority stockholder in any corporation, or the citizen of any govern- 
ment, yet we cannot discard either government or industry, nor should 
we discard Unit Operation as an objective, if it is mechanically sound. 
Needless to say, however, compulsory Unitization will not become popu- 
lar, nor should it be attempted until processes of Unitization are evolved 
that will reasonably assure to the smallest minority participant justice 
and fair dealing in that relationship. Particular care should be taken to 
see that this applies with equal force to the smallest royalty owner as it 
does to the participating operator, for failure to Unitize the royalty 
interest presents the greatest mechanical obstacle to Unit Operation. 

The mechanical separation method of allocating oil and gas under 
Ownership in Place would be less efficient in attaining both objectives 
than would engineering appraisal, but it is infinitely superior mechanically 
to the unregulated Capture Rule. And in any event it is merely a tran- 
sition step in the change from the Capture Rule to actual Ownership 
in Place. 

Ownership in Place will stand the mechanical test. 


II. Economic Advisability Test of the Capture Rule 


Waste and instability are difficult to estimate with accuracy. How- 
ever, it is extremely probable that from the oil pools already exploited 
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at least one-half of the aggregate gas energy content was permitted to 
escape into the air without doing work, and one-half of the recoverable oil 
content was left unrecoverable in the reservoir due to reservoir energy 
dissipation. In addition to these results, needless duplication of facilities, 
instability in Industry, and many other uneconomic effects are directly 
traceable to the Capture Rule. Obviously, it is economically inadvisable. 


The Economic Advisability Test of Ownership in Place 


Self-preservation of the owner under Ownership in Place will induce 
him to correct without government compulsion the economic ills above 
described. It will be mechanically and legally possible for him to do so. 
Ownership in Place is therefore economically advisable. 


III. Political Wisdom Test of the Capture Rule 


The National defense, business structure, and social life of the 
Nation are all based on adequate oil supply. Its entire transportation 
system as now constructed is wholly dependent upon oil for its continued 
operation. Even those railways that do not use oil for motive power 
could not operate one hour without oil for lubricants. Developing 
adequate substitutes would require many years, radical changes, and vast 
expenditures of money. 

On the other hand, the recoverable oil reserves from known fields 
within the United States have been currently reported by the United 
States Geological Survey, the American Petroleum Institute, and other 
reputable agencies at approximately 13 billion barrels*, which represents 
less than 15 years’ supply at the present rate of consumption. The 
extent of the undiscovered reserves is unknown, but it is known that 
vast areas have been exhausted and that every process known to science 
is being utilized in the search for them; also that their possible quantity is 
dangerously limited in view of the extent to which the National life is 
dependent upon them. 

These dangers are concealed and the nation is misled by the fact 
that the Capture Rule has promoted constant overproduction since the 
beginning of the Industry and created the impression that the supply of 
oil is inexhaustible. The total amount of oil produced in the United 
States since the beginning of the Industry represents only 20 years’ supply 
at the present rate of consumption. The amount of oil involved in this 
constant overproduction status is insignificant in comparison with its 
psychological and economic result. If there is but a 30 years’ supply 
and the Capture Rule forces its consumption in 25 years, there would be 
an embarrassing overproduction during that entire period, while at the 
same time the Nation could be facing early calamity due to oil shortage. 


* Congressman Samuel B. Pettengill in ‘‘Hot Oil,” 13. 
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Thus, the United States, in the beginning of the oil age, faces early 
exhaustion of its supply, while competitive foreign Nations are only 
beginning to exploit theirs. 

In view of these facts, the national political effect of the Capture 
Rule in promoting destruction of the nation’s oil reserves and misleading 
the nation as to these dangers is beyond comprehension. It could easily 
lead the nation into a major national calamity. These are the immediate 
threatened consequences of the Capture Rule. In a broader political 
sense the Capture Rule is also politically unwise. Modern civilization 
and all its processes are built around a few simple principles, such as the 
right of the individual to life, liberty, and ownership of property. Any- 
thing that defeats or weakens these three concepts undermines the 
foundations of society. 

Ownership of property to be beneficial must be fixed and certain. 
Uncertainty in ownership breeds either confusion or government control. 
The Capture Rule has that tendency. It is selfish, unsocial, and unmoral. 
It has been aptly termed legalized piracy. Its influence permeates every 
phase of the Oil Industry. It promotes waste. Nothing useful to society 
has borne that kind of ownership except things inexhaustible, like sun- 
light, air, and water, or nonessentials, like wild game. The wasteful 
disappearance of wild game till the government threw around it game 
laws is notorious. Game laws require government control in great 
detail. They are suitable for nonessentials, like wild game, but they 
are not suitable for exhaustible essentials on which great industries 
are founded. 

Wasting oil and gas is politically unwise. Operating on a hand-to- 
mouth basis, rather than building up a dependable proven reserve, is 
politically unwise. Government by administrative fiat, rather than by 
specific law, where the latter is possible, is politically unwise. Absence 
of definite standards of value and conduct, by which citizens can plan 
their activities, rather than be forced to proceed on day to day changing 
bureaucratic instructions, is politically unwise. J. Howard Marshall, 
former member of the Petroleum Administrative Board, said before 
the Mineral Resource section of the American Bar Association (1935): 


Both ‘chaos’ and ‘prosperity’ are still just around the corner for the Oil Industry, 
as they have been for a decade, and even in this program ‘Federal control’ is appar- 
ently expected to go to war with “Interstate Compacts.’ Such forensic warfare, 
however, between two competing catch phrases like ‘Federal control’ and ‘Interstate 
Compacts’ would most certainly fall far short of dealing with the stern realities of the 
present oil situation. . . . It is probably not a question of regulation or no regulation 
—it is a question of good or bad. Quite regardless of whether the East Texas field 
goes to salt water tomorrow or whether Kettleman Hills is destroyed by an earth- 
quake, if the long predicted days of shortage return once more, that would only 
change the kind, not the existence of regulation. To those who believe that a shortage 
of crude would ‘spellan end of all regulation, let it be noted that if it comes, the 
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probabilities point to its generating such political pressure by consumers as would 
undoubtedly force regulation in no uncertain terms. A little known and unheralded 
incident in the life of the Petroleum Administrative Board may serve to illustrate. 
When by some magical process the price of gasoline in the Island of Porto Rico rose to 
twenty-three cents a gallon a little over a year ago, it precipitated a consumers’ strike 
which forced both the Petroleum Administrative Board and the Government of the 
Island to intervene to have the price reduced so that the streets might be cleared of 
tacks and other sharp-edged objects thrown for the purpose of paralyzing traffic on 
the island. We need not suppose that we are immune from forces which have com- 
pelled too stringent regulation of oil in other countries, and it behooves the Industry 
and its lawyers to properly gauge the tendency of the times and seek a form of regu- 
latory program which will allow of a maximum efficient administration. . . . If it is 
a minimum of regulation that is desired, it would seem sensible to check the abuses 
that lead to the need of regulation. 


Another politically objectionable result of the Capture Rule that has 
missed public notice is its tendency to promote destructive competition 
within the Industry and to place small operators and small companies 
ata disadvantage. The Capture Rule favors large company operation in 
many ways, but one illustration is that the instability of crude supply 
promoted by it requires vast transportation facilities to reach out con- 
stantly to remote new pools. The small refiner cannot afford to build 
such transportation facilities and consequently has no stable crude supply 
on which to build up his business over a period of years. Another 
example is the advantage the large oil company has over the small opera- 
tor in its adequately staffed geological department under the Capture 
Rule that it would not have under Ownership in Place. 

In all these many ways the Capture Rule is politically unwise. On 
the other hand, the Capture Rule is politically expedient at this time 
because of the mistaken conception that it favors the small man. When 
a true understanding of its influence in promoting large companies as 
contrasted with small companies becomes more general, it is probable 
that political wisdom and political expediency will go hand in hand. 

The Capture Rule breeds destructive competition, and destructive 
competition in any industry inevitably weeds out the weak and leads to 
industrial monopoly or to government control. In the present state of 
public opinion, there is no danger of industrial monopoly’s being per- 
mitted to exist, which leaves government control as the only possible 
result. Either monopoly or government control spells doom to free 
enterprise. From 1912 to the beginning of the Proration era the Oil 
Industry suffered all the throes of destructive competition. Under the 
Capture Rule Proration was a necessary evil. But it is also the first step 
toward government control unless the cause is removed. As failure 
follows failure under Proration in the attempt to accomplish what is 
mechanically impossible under the Capture Rule, more and more govern- 
ment control in the guise of relief will be demanded by both producer 
and consumer. Under the American conception of individual liberty it 
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is not the function of government to operate businesses but rather to 
establish conditions that will enable its citizens to do so, and tomaintain 
justice and fair dealing between them, with a minimum of supervision 
and a maximum of freedom. 

The Capture rule will not stand the political wisdom test. 


The Political Wisdom Test of Ownership in Place 


Ownership in Place represents a concept of property rights that is 
the product of centuries of experience among civilized nations. It 
stands for some fixed and definite amount, the quantity of which is 
ascertainable by engineering processes within margins of accuracy 
acceptable to the law. This concept of ownership is a simple one, 
readily understood by the least intelligent of men, notwithstanding he 
might not be able to perform the engineering processes involved in its 
determination. It has for its protection all the legal processes that have 
been built up throughout the centuries. It does not need government to 
fix the amount of oil and gas belonging to each owner. It needs govern- 
ment only to prevent violation of that ownership. The rules for its 
protection and enjoyment represent the wisdom of the centuries, as they 
have been worked out. from experience for innumerable other kinds of 
private property, since the concept of ownership was first applied. 

This type of ownership promotes saving and conservation, as con- 
trasted with dissipation and destruction that arise out of the Capture 
Rule. It compels each owner to handle his own property so as not to 
violate the enjoyment of another owner. It promotes unselfishness and 
cooperation. It promotes stability and conservation. It lays the 
foundation for efficient recovery. It tends to protect the small operator 
against the large operator. It places them on a more nearly equal 
competitive footing. It protects the royalty owner against theft of his 
oil by others. It enables the Oil Industry to retain a maximum of self- 
government. It tends to perpetuate the nation’s oil supply. It tends 
to prolong the time that the United States can compete favorably with 
other nations in national defense and in cheap transportation. All of 
these advantages are politically wise and will be politically expedient 
when their true significance is fully understood by the American people. 

A friend to whom this paper was handed for criticism replied: 


The enclosed discussion seems to answer successfully every objection which has 
been brought against the cause of Ownership in Place, save one. The matter of 
becoming vulnerable for further taxation has been talked about within the Industry, 
as you are no doubt aware. Some engineers feel that as soon as we definitely define 
the quantity of oil contained beneath a certain tract, the state legislatures would 
broaden the tax base to include it in the ad valorem assessment. I have heard it said 
that, with all the shortcomings of the existing Rule of Capture, it at least imposes no 


taxation until the oil is actually captured. 
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This point may have already been considered and brushed aside as inconsequential. 
It is not at all serious for the reason that we cannot turn our backs upon a progressive 
step for the negative purpose of outsmarting the tax collector. However, in a full 
discussion of the broad subject you might want to raise this objection for the simple 
purpose of answering it and thus disposing of it. 


My friend is right. Exposing for additional taxation an Industry 
already carrying such a tax burden as the Oil Industry does is no incon- 
sequential matter. I did not avoid it for that reason. However, the 
ostrich is generally considered a foolish bird. He might save his head 
by sticking it in the sand, but he only thereby exposes another portion 
of his anatomy to still more embarrassing indignities. So does the Oil 
Industry. No problem is solved by refusing to face facts frankly. Taxa- 
tion is a legitimate and necessary function of government, but it is 
becoming onerous. 

However, taxation problems cannot be solved by failing to lay all 
cards on the table and study them in a frank, open manner. Only by 
doing so can the Oil Industry establish that public confidence and cooper- 
ation so necessary to fair public treatment. It is an Industry vital to 
the public welfare. When the public is given all the facts and is assisted 
by the leaders of Industry in interpreting them honestly and fairly, then 
a constructive attitude may be expected on the part of the public’s agent, 
the taxing authorities. If that is not true, then we must admit that 
democracy, as a theory of government, is a failure. 

Considering all these facts, it is apparent that Ownership in Place will 
stand the political wisdom test proposed by Dean Pound but that con- 
siderable public misunderstanding must be corrected before it will be 
politically expedient. 


IV. Legally Sound Test of the Capture Rule 


Thorough consideration of the Capture Rule leaves no doubt but that 
it is mechanically impracticable, economically inadvisable, and politically 
unwise, although under the present state of public misunderstanding, it is 
politically expedient. Since the sole purpose of law is to promote the 
welfare of the people whom it governs, it follows that any Rule of Law 
which does not have that effect is fundamentally unsound. 

The Constitution of the United States sets the legal pattern for this 
country. Its preamble reads: 


We, the People of the United States, in order to form a more perfect union, estab- 
lish justice, insure domestic tranquility, provide for the common defense, promote the 
general welfare, and secure the blessings of liberty to ourselves and our posterity, do 
ordain and establish this Constitution for the United States of America. 


The Rule of Capture runs counter to every purpose set forth in that 
preamble. It promotes discord between the States, it works injustice 
between adjacent owners, it promotes destructive competition and 
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selfishness in the Industry as opposed to domestic tranquility, it destroys 
the most important item of national defense, it undermines the general 
welfare through waste and instability, and it denies the blessing of liberty 
to ourselves and our posterity through making necessary the substitution 
of government control for the free ply of private enterprise. It has been 
well described as legalized piracy, for it runs counter to every purpose for 
which government is established. It is a remarkable illustration of how 
the law in the mazes of its development can double back on itself and 
defeat its own ends. Considering all these facts, there can be little doubt 
but that the Rule of Capture is legally unsound. 


The Legally Sound Test of Ownership in Place 


Thorough consideration of Ownership in Place, as contrasted with the 
Rule of Capture, shows that it is mechanically feasible, economically 
advisable, and politically wise, although in the present state of public 
misunderstanding, it might not be politically expedient. An intensive 
study by leaders of public thought on the comparative tendencies of the 
Capture Rule and the Rule of Ownership in Place to promote monopoly 
would serve to change the political expediency status of these two rules. 
If that be accomplished, on the word of Dean Pound we should not have 
very much trouble in the end in inducing the courts of today to find that 
it is legally sound. 

Certain other legal authorities have studied the question in detail 
and have written upon its legal soundness as follows: 

Henry M. Bates, Dean of Michigan Law School, said!°: (underscoring 
ours) 


The adoption of these erroneous theories (analogy to wild game and percolating 
underground waters) has produced enormous losses and waste of valuable natural 
- resources, which, though existing in abundant quantity, are nevertheless definitely 
exhaustible resources, vital perhaps to National defense in time of war and absolutely 
essential to industry, commerce, and transportation, as now conducted. The unre- 
stricted exploitation of these natural resources set in motion a feverish and ruthless 
pursuit of this wealth in the ground that has lead to injustice among men scarcely less 
harmful than the great waste of these gifts of nature. 

The abuses and evils in the production of oil, which leaders in the Industry itself 
are endeavoring to cure, are too well known to justify enlargement upon them here. 
The effect of early court decisions, based upon the erroneous theories heretofore 
referred to, was to make legal the pumping of all of the oil and gas possible from every 
man’s well. Thus in the larger fields one producer might, and, in fact, often did, pump 
vast quantities of oil and gas underlying lands belonging to or controlled by other 
producers. This, initself, violates any sane theory of property rights. It has induced 
a feverish scramble to get all that each owner can pump, regardless of whose land it 
underlies, and in order to prevent owners of adjacent lands from securing the oil 
lying therein. The mad scramble further resulted in the waste of vast quantities of 
gas which were allowed to escape in the air, a result not only disastrous in itself but 
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which produced even greater losses, in that the released gas was no longer available for 
propelling the oil toward the surface. The losses thus caused unquestionably mount 
into the billions of dollars and constitute the most reckless, extravagant waste of 


natural resources that even the American people have been guilty of. Moreover, this 


mad and greedy race for wealth has made it impossible in this country to adopt intelli- 
gent and effective methods of production, the cost of which has thus been made greatly 
and unnecessarily high. This high cost of production makes it impossible for Ameri- 
can producers to compete with the British and other European producers owning oil 
rights in Persia, Turkey, and other countries. 

Finally, those methods of production and distribution which have heretofore 
prevailed in this country have taken no account of the so-called economic laws of 
supply and demand, of present or of future needs, but have dumped upon an already 
saturated market vast quantities of petroleum, thus often depressing the market prices 
far below cost during this period of unintelligent and unjust distributive scramble. 

The direction that remedial steps must take is fairly obvious, and several such 


plans have been outlined by the Industry itself and by others. It is unnecessary for 
me to describe here Proration and Unit Operation. The details of these and other 
suggested methods of production and of determining distributive shares are far better 
understood by members of this Institute than by me, but perhaps it may be pertinent 
to say that, from the lawyer’s viewpoint, the most strongly supported proposals look 
to the establishment of certain corrective measures, among which are the following: 
(1) the allotment to each producer of that proportion of the total oil and gas content 
of the field which lies beneath the land he owns or controls. We are told on good 


authority that as an engineering matter it is quite possible to ascertain with reason- 
able accuracy the share of oil to which each producer is justly entitled on this basis. 
(2) As the Proration plan in itself is inadequate to produce desired results for reasons 


well known, the idea of Unit Operation was developed and worked out in considerable 
detail. This aims not only at allocating to each producer his just share, but also it 


makes possible scientific and economic methods of production. Furthermore, Unit 
Operation would tend to secure production at times, places, and in the quantities 
reasonably calculated to adequately supply the market with prices just to the con- 
sumer as well as to the producer, and thus to conserve these great natural resources. 

In an important case decided by the Supreme Court of the United States (Head vs. 
Mgg. Co., 113 U. 8. 9) the court declared that ‘when property in which several persons 
have a common interest cannot be fully and beneficially enjoyed in its existing condi- 
tion that the law often provides a way in which they may compel one another to sub- 
mit to measures necessary to secure its beneficial enjoyment, making equitable com- 
pensation to any whose control of, or interest in, the property is thereby modified.’ 
The principle was recognized as long ago as the time of Lord Coke and is the basis of 
the numerous mill acts in New England, all of which compel the submission of indi- 
vidual rights to the common interests and rights of all concerned. Other examples 
may be taken from the maritime law and from the statutes relating to irrigation and 
drainage. In truth, the principle is well recognized and has been applied to many 
situations. In none of these older cases was the need of compulsory cooperation as 
obvious and as important as it is in relation to the production of oil. Not only is the 
necessity for compulsory cooperation greater and more demonstrable in the case of 
oil producers than in any other situations just referred to, but the public interest, both 
National and State, is infinitely greater. 

“It is well known to all that the principle here contended for was essentially 
conceded in the case of Ohio Oil Company vs. Indiana, 177 U. S. 190. The Supreme 
Court in that case chose to base its decision principally upon the private interests of 
the owners and the necessity of doing justice among them. It might well, however, 
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have relied chiefly, if not exclusively, upon the importance of conservation to the 
public welfare and National needs. Reference will be made here to only one more 
case, that of Marrs. vs. The City of Oxford, 32 Fed. (2) 134, in which the United States 
Circuit of Appeals, sustaining an ordinance of the City of Oxford in Kansas, set up at 
least a rudimentary scheme of compulsory Unit Operation. It is so clear that the 
just interests of all concerned would be conserved by the application of such a plan, 
and their ultimate profits increased thereby, that it seems reasonably certain that 
courts will sustain the application of the principle in proper cases, especially in view 
of the great stake which the public has in the matter. 


Charles G. Haglund, in Kentucky Law Journal, May 1934, said: 


An estate at common law extends vertically upwards and downwards. Each 
landowner over the pool is equitably entitled to all the oil beneath his surface con- 
fined within those vertical planes as it exists in the pool in its original state and before 
any drainage has taken place. If that oil content can be determined . . . then all 
the surface owners over the pool can be treated as tenants in common of the contents 
of the pool in the proportion that the oil underneath his surface bears to the total 
contents of the pool. It will then be immaterial through which well the oil comes 
or on whose land the well is located. Each tenant in common of the pool will receive 
his proportional fraction of the oil that comes from the pool irrespective of where the 
wells are located. If that can be determined, the pool can be developed as a unit 
along lines required to insure conservation and with justice to all the owners in the 
pool. That, however, presents an engineering problem which has not yet been fully 
solved .... However, an approximate determination of the acreage content with 
adjustments as new knowledge is acquired by drilling would afford greater justice to 
all than the present system of competitive drilling where those with facilities for han- 
dling production generally get far more than their share. Then the amount of oil that 
the pool would produce by conserving the gas pressure would be much greater than 
under competitive drilling, where it is wasted. 


Tit eer ary ete 


Certain legal principles which it is believed should be incorporated into the law 
of oil and gas have been worked out by lawyers and engineers, cooperating. The first 
principle clearly involves a determination of the acreage content before it can be 
administered. If this can be determined within reasonable bounds, not with mathe- 
matical accuracy, it should be sufficient. This determination, necessarily somewhat 
superficial at first, can be corrected and adjusted as development of the pool proceeds 
and new knowledge is acquired. Substantial justice to all is all that the law should 
require. Having achieved this, the law can declare the correlative rights of the 
various owners in the pool and make them tenants in common on the basis of such 
proportional determination of the contents of the pool. _No Constitutional objection 
to enforced Unit Operation on that basis can be perceived. All owners will then be 
required to share in the expense of development and in the proceeds from the pool in 
proportion to their fractional interest in the pool as tenants in common. A com- 
pulsory development program must include a provision whereby owners in the pool, 
collectively, shall set up their own machinery for development and determine, collec- 
tively, the policies to be pursued in the pool. 


W. P.Z.. German, General Counsel for Skelly Oil Company, said’: 


Many years ago it was stated by the courts that the Government has the power to 
prescribe regulations for the better and more economical management of property of 
pee eae Aptana Se SS ee es 
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persons whose properties adjoin, or which, for some other reasons, can be better 
managed or improved by some joint operation. This early announcement was quoted 
by the United States Supreme Court in Wurts vs. Hoagland, 114 U.S. 606, 29 L. ed. 
229. It was long ago held by courts, as is shown by quotations in the Wurts case, 
that where there are ADJOINING LANDS HELD BY VARIOUS OWNERS IN 
SEVERALTY and which, BY REASON OF THE PECULIAR NATURAL CON- 
DITION of the whole tract, cannot be improved or enjoyed by any of them without 
the concurrence of all, there is presented a condition where the power of the legis- 
lature may be exerted to establish regulations whereby all may be compelled to submit 
to proceedings whereby they may be improved or enjoyed, and to contribute, in 
proportion to the benefits enjoyed by each, to the expense of the steps taken to accom- 
plish such improvement or enjoyment. 


Mr. German enlarged upon this idea at considerable length and showed 
that it has been widely applied for centuries in many lines of activity. 
He said: 


This is a well known legislative power recognized and treated by all the courts and 
writers upon law throughout the civilized world: a branch of legislative power exer- 
cised both before and since the Revolution and before and since the adoption of the 
present Constitution. 


Of course, it will be acknowledged by every honest engineer that 
the apportionment of oil and gas under Ownership in Place cannot be 
made with mathematical accuracy, but few things in life can be done on 
that basis. It is, after all, a case of relativity—not as between mathe- 
matical accuracy and the nearness with which engineers can approach it, 
but rather as between the results under the Capture Rule and the results 
engineers can achieve under an attempted apportionment on the basis of 
relative recoverable acreage content. Given a virgin oil and gas reser- 
voir, petroleum engineers could certainly devise methods of apportioning 
its contents that would measure up to the standard of reliability specified 
by the United States Supreme Court. In fact, those who have made a 
study of reservoir conditions or engaged extensively in appraisal work 
know that can be done. Expressions by 17 nationally known American 
petroleum engineers on this point appear in the TRANSACTIONS!2. 


R&sumMgb 


Efficient extraction of oil and gas at the time and rate society needs 
them, together with equitable allocation of these products and the 
markets for them among their respective owners, are the two major 
objectives of the Petroleum Industry. Stability within the Industry is 
dependent upon accomplishing both of these objectives. However, 
simultaneous accomplishment of both objectives under the Capture 
Rule is impossible. It is, therefore, mechanically impracticable. It 
promotes high cost, waste, and inefficient recovery to a degree that 


2 Trans, A.I.M.E. (1932) 98, 31-37, 
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compels the granting of subsidy through tariff protection to keep the 
Industry solvent. It is therefore economically inadvisable. It weakens 
national defense, promotes discord between states, imposes burdensome 
administrative duties upon government, dissipates the nation’s natural 
resources, induces high cost of living, endangers the nation’s transporta- 
tion system, and weakens its ability to compete with other nations in 
war and in peace. It is therefore politically unwise, although it is at 
this time politically expedient because of public misunderstanding. It 
runs counter to every purpose for which law is established. Therefore, 
it is legally unsound. For these many reasons the Rule of Capture 
cannot be rationalized. It is inherently in conflict with the functions of 
government, and the higher impulses of mankind. It is a destruc- 
tive influence. 

On the other hand, Ownership in Place is the direct antithesis of the 
Capture Rule in every respect mentioned. It tends to build up, while 
the Capture Rule tends to tear down. It has for its orderly administra- 
tion every process of ownership devised through the centuries. In its 
application two methods of allocating the product among owners are 
available, namely, the mechanical separation method in non-unitized 
pools and the engineering appraisal method in unitized pools. Neither 
method would be mathematically accurate, but both can be made to do 
substantial justice among owners and come within standards set by the 
Law. Both are incomparably better than the Capture Rule to attain 
that end. 

Under the American conception of individual liberty, it is the business 
of government to establish rules of action designed to promote free 
enterprise, justice and fair dealing that will operate with a minimum of 
supervision and a maximum of freedom. ‘The Capture Rule and Owner- 
ship in Place represent two distinct concepts of ownership. One breeds 
government regulation. The other breeds industrial self-control. 

The Capture Rule not only compels withdrawals from the reservoir 
at improper points, thus dissipating reservoir energy without utilizing 
it in oil recovery, but it places upon government the impossible policing 
task of preventing the inevitable result of that mechanical method. 
Government bureaus multiply when government pursues will-o’-the- 
wisps. Failure merely promotes renewed efforts, for the public pays 
the bills, which soon places government in business. We may concede 
government bureaus the legal right to do the impossible thing, but 
we cannot clothe them with the ability to do it. On the other hand, 
Ownership in Place not only opens the way for mechanically accomplish- 
ing the desired objective, but it supplies processes centuries old, under 
which wronged owners can protect themselves from the violator and 
thus induce the necessary cooperation that will promote free enterprise, 
justice, and fair dealing with a minimum of supervision and a maximum 


154 CAN THE RULE OF CAPTURE BE RATIONALIZED? 


of freedom. Progress toward individual freedom is not made by imposing 
impossible tasks upon government bureaus. 

In like manner as Ownership in Place is the antithesis of the Capture 
Rule so are the results-of Ownership in Place the antitheses of results 
that arise out of the Capture Rule. It accomplishes nothing to concede 
the State legal authority to regulate the Capture Rule with a view to 
accomplishing certain results, provided regulating the Capture Rule 
to that end is physically impossible. Government employees are human 
beings, subject to human limitations and human frailties. 

The Capture Rule breeds destructive competition, and destructive 
competition leads either to industrial monopoly or to government control. 
Since industrial monopoly would not be tolerated in the present state 
of public opinion, the inevitable result must be government control, if 
that rule is perpetuated. The Oil Industry is now in the process of 
passing out of the stage of destructive competition into that of govern- 
ment control, a thing we need to avoid equally as we do industrial 
monopoly. The Oil Industry can avoid both. It is the function of this 
symposium to consider means to that end. 


Governmental Regulation of Oil Production 


By Nortrscurr Exy* 


(New York Meeting, February, 1937) 


THE subject of this paper implies three questions: whether regulation 
is necessary; if so, what sort of regulation is wise; and, finally, by what 
government the power to regulate is to be exercised. 

In the year 1937 emphasis falls on the third of those questions. 
This contrasts with the situation prevailing a dozen years ago, when the 
question was whether regulation was necessary at all; and with the 
situation a few months ago, when the third question seemed answered 
by the Supreme Court decisions on the National Recovery Act, Agri- 
cultural Adjustment Act and Guffey Coal Control Act, and by the 
ratification of the Interstate Oil Compact. It then appeared settled 
that the State and not the Federal Government possessed the regulatory 
powers and, granting that conservation measures are a recognized 
necessity, the problem seemed to be to develop the wisest kind of regula- 
tion that the Constitution would permit. Today, by virtue of develop- 
ments during the first months of 1937, the oil industry is faced again 
by the question of whether the Federal Government is to have power to 
control its operations, along with those of the other basic industries. 


DEVELOPMENTS IN GOVERNMENTAL CONTROL 


There have been three recent developments. The dominating one 
is the President’s proposal that he be authorized to increase the size 
of the Supreme Court to 15 members. The implications of that plan 
ought to be perfectly plain to the oil industry. This suggestion is made 
in lieu of offering an amendment to the Constitution, to reverse the 
Supreme Court decisions mentioned. In those decisions the Court held 
that production does not constitute commerce, and hence that the 
Federal power to regulate interstate commerce does not extend to the 
regulation of production. These holdings were contrary to the Govern- 
ment’s contention that the stream of commerce begins in the factory 
and ends with the consumer and may be regulated at any point from 
beginning to end. That position was urged in the Government briefs in 
Amazon Petroleum Co. v. Ryan, defending the petroleum code, and 
repeated as late as Feb. 10, 1937, in the case of National Labor Relations 
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Board v. Jones and Laughlin Steel Corp. (No. 419). If this doctrine, so 
recently rejected, is to be accepted by a new court, the oil business is 
squarely in the line of march. This industry gathers oil from about 
350,000 wells, runs it through a few hundred refineries, and out again, in 
refined form, to about as many service outlets as there are wells, and 
thence to more than 26 million consumers. In the process, it furnishes 
the major part of the horsepower for all prime movers. The mileage of 
its pipe lines, traversing 24 states, is a third that of the major railroads. 
Interference with gas production going into an interstate pipe-line system 
has been held by the Supreme Court to be interference with interstate 
commerce. If the commerce power is to be the raft on which new 
Federal industrial legislation is to float to safety, it is difficult to conceive 
of a decision validating Federal control of crop production, or Federal 
control of wages in a coal mine, which does not automatically validate 
Federal control of oil production. This is particularly true because here 
the stage at which regulation is applied can be chosen so as to focus 
attention on the pipe line rather than on the oil field. 

The President has also transmitted to Congress a plan for reorganiza- 
tion of the executive departments, wherein he proposed to rename the 
Department of the Interior ‘‘the Department of Conservation.” This 
is a day of National Resources Boards, National Planning Committees, 
World Power Conferences, and interest in all natural resources. The 
authority delegated to deal with oil would probably be thorough and the 
depositary the Department of Conservation. There the oil industry 
would find the coal business and some phases of the power business 
already installed as neighbors. 

The third development is the Supreme Court decision in Thompson v. 
Consolidated Gas Utilities Co. on Feb. 1, 1937, striking down the Texas 
statute under which ratable taking had been ordered by the Railroad 
Commission in the Panhandle gas field. This is the first Supreme Court 
decision wholly adverse to a state oil or gas conservation statute since 
1922. For reasons to be referred to later, the Consolidated Gas decision 
has many helpful points in it. But, coming in this series of events, it 
points up a fundamental question: Does the present system of oil conser- 
vation laws, operating primarily through the police power of the states, 
supplemented by valuable but incidental Federal activities, and supple- 
mented by the Interstate Oil Compact, have intrinsic merit enough to 
stand up against a drive for general Federal regulation of industrial 
production? This serious question requires an objective examination 
of the present technique of oil conservation. 


LeGaL MECHANISM FOR O1L CONSERVATION 


The present legal mechanism for oil conservation is well recognized. 
At the base is the police power of the state, specifically the dual power 
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to prevent waste and to protect the correlative rights of common owners. 
This power is exerted by statutes delegating authority to regulatory 
boards, generally the same bodies that regulate public utilities. Oil 
production has not been held to be a public utility, but the powers 
exercised over production are very broad, including control over spacing 
of wells, manner of drilling, proration of a field’s production (determined 
either by market demand or waste consideration), control of gas-oil 
ratios, and transportation. Superimposed at this stage are three other 
agencies: first, the Federal Connally Act, whereby oil produced in excess 
of production allowed by the state is denied access to interstate commerce; 
second, the Interstate Oil Conservation Compact, under which the state 
regulatory bodies coordinate their activities through a joint commission; 
and, third, the Federal Bureau of Mines, which forecasts demand and 
recommends to the states the volume of oil they should produce. Along- 
side this structure is the independent Federal control over imports, 
through an excise tax. 

This mechanism was evolved during the decade between 1926 and 
1936. It is a product of an era wherein, generally speaking, inventories 
were increasing below ground as well as above. It has been operated as 
an engine in reverse gear, to hold back excessive potential production 
built up by excessive drilling, which in turn was occasioned largely by the 
operation of the “rule of capture.” It is interesting to note that in its 
two essentials, that is, determination of demand by the Federal Govern- 
ment and corresponding adjustment of supply by the state governments, 
this process does not differ greatly from actual practice under the petro- 
leum code. Its origin was in the first report of the Federal Oil Conserva- 
tion Board, in 1926, and it was amplified in the Board’s fifth report, in 
1932, and discussed in several professional papers. 

The weaknesses of this system lie in two phases, both of which the 
Federal Oil Conservation Board diagnosed, and for which it proposed 
remedies which as yet are only imperfectly adopted. 


State Statutes Imperfectly Correct Abuses 


First, the state statutes do not fully occupy the ground constitu- 
tionally open to them. They imperfectly correct the abuses of the rule 
of capture; they cause more litigation by their tenderness toward this 
obsolescent rule of the common law than would result from strictly 
controlling it. For example, the Texas statutes authorize the Railroad 
Commission to enforce spacing of wells, and to enforce proration of 
production. But they have specifically prohibited the compulsory 
unitization of properties. The results? Not less than seventy decisions 
on the spacing rule have been reported in less than four years, arising 
from the dilemma thus forced on the Commission when confronted by 


158 GOVERNMENTAL REGULATION OF OIL PRODUCTION 


competitive drilling on tracts of small acreage. Most of these are cases 
in which the Commission granted exceptions to the spacing rule, where- 
upon adjoining landowners appealed to the courts; and generally the rule 
was sustained and the exception struck down. Of 23,000 wells in East 
Texas, 16,000 have been drilled under exceptions to the spacing rule. 
Allowables per well have been reduced to correspond with the increase 
in number of wells, so that over 97 per cent of the current production 
from East Texas is allocated as though produced by marginal wells— 
that is, a flat allowable of a few barrels daily is made to each well. But 
the Commission has met a series of Federal decisions striking down every 
order restricting production save that setting up this system. In the 
Panhandle field, twelve reported decisions and two unreported ones have 
invalidated every order compelling ratable taking of gas by the pipe 
lines, and have sustained only the orders prohibiting use of sweet gas 
for carbon black and for gasoline stripping operations. The latest 
decision is that of the Supreme Court in the Consolidated Gas case, already 
cited. This decision adopted findings of fact made by the trial court, to 
the effect that drainage was away from wells connected with the plain- 
tiff’s pipe lines and toward the wells of others, operated for carbon-black 
manufacture. On that finding, the Supreme Court held unconstitutional 
a statute which it construed as requiring the pipe lines to curtail their 
takings from their own wells regardless of the direction of drainage. In 
so doing, the court made two significant points: it reaffirmed the rule of 
capture as the common law of Texas, but specifically restated the state’s 
power to modify that rule by legislation based either on prevention 
of waste or on the adjustment of correlative rights. It invalidated the 
law in question because, as a matter of fact, the pipe-line wells were not 
disturbing the pressure in the areas of the unconnected wells, and the 
mischief was being done by the carbon-black wells. The lower court 
had refused to concede that the Supreme Court decisions in the cases of 
Bandini Petroleum Co. v. Superior Court, Champlin v. Corporation Com- 
mission, Ohio Oil Co. v. Indiana, and Walls v. Midland Carbon Co. had 
rested on the power to adjust correlative rights, independently of waste. 
The Supreme Court’s reassurance on that point indicates the domain 
open to future legislation, and that is more important than the fate of the 
particular Texas legislation struck down. 

The situation in Texas has been emphasized here because that state 
now produces two-fifths of the oil and a greater share of the oil litigation. 
But, painful though the progress of the conservation laws has been in 
Texas, compare it with that in California, which has declined to control 
production at all, save through a gas-waste statute, and Michigan, where, 
despite the enactment of a fairly good statute, 40 per cent of the state’s 
then known reserves were produced in a single year. 
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States Refuse Recommendations of Bureau of Mines 


The second basic weakness in the present system is the failure of the 
states, in their compact, to commit themselves to abide by the Bureau of 
Mines’ production recommendations. This reluctance had its origin in 
the belief that the laws of Texas would not countenance recognition of 
market demand as a limitation on production, and in distrust of Federal 
dominance of the compact. Both objections are dubious as a matter of 
law, if not of politics. The Texas statutes now recognize that production 
in excess of market demand is waste; and the Supreme Court’s Consoli- 
dated Gas decision assumes that such provisions are valid. As to 
Federal dominance, the Bureau of Mines has no coercive powers, but is a 
highly scientific fact-finding agency. It is better to cooperate with that 
kind of an agency than to provoke the establishment of one of a differ- 
ent type. 

For comparison, the plan proposed by the Federal Oil Conservation 
Board reads as follows: 


(1) The creation of a joint Federal and State fact-finding body to forecast demand, 
recommend crude-oil production, and allocate it among producing States and imports. 

(2) A commitment by each producing State to adhere to its quota. 

(8) Federal regulation of imports to keep them within the prescribed quota. 

(4) Formulation by this interstate body of uniform conservation principles for 
adoption in local legislation centering around unit operation and the preservation of 
reservoir energy. 


The Compact is not as yet accomplishing in full its great opportunity 
for the development of model conservation laws, research on conservation 
methods, cooperation in checking tax evasion, and other useful work, in 
addition to the fundamental job of coordinating the activities of the 
public service commissions. But the important fact is that the compact 
exists, and that it is a constitutional successor to a method held unconsti- 
tutional by the present Court. 


EFFECTIVE MECHANISM 


Conceding that the conservation tools are not as sharp as the states 
could make them, and that their use is not fully coordinated, the question 
is whether it is better to improve these tools or set up a new machine. 

We have said that the first weakness of the present system is its 
ineffective regulation of the law of capture. But it should not be assumed 
that the Federal Government could strike the root of this evil any harder 
than the states can hit it, even if the commerce power were interpreted to 
clothe the Federal Government with the full equivalent of the state’s” 
police power. Every statute controlling a man’s use of his own property, 
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whether it is a Federal or a state statute, must clear two constitutional 
hurdles: First, is there power in the legislature to act? Second, if the 
power exists, is it being so exercised as to deprive a man of his property 
without due process of law? The Federal Government is subject to the 
due process clause of the fifth amendment, just as the state is subject to 
that of the fourteenth. Equipping the Federal Government with power 
equal to the police power of the state would not lift the barrier to the 
exercise of that authority raised by the due process requirement. The 
Consolidated Gas case is an example. What halted the Texas statute 
there was not the lack of power to adjust correlative rights, which was 
sustained, but the fact that this authority, exercised as this statute sought 
to exercise it, expropriated the pipe line’s property without compensation 
and for a private use. The Federal Government, had it possessed a 
similar power, would have encountered a similar prohibition against its 
exercise on the facts of that case. A new interpretation of the com- 
merce clause, while it might help to keep Federal oil-control laws on the 
statute books, would not alone make those laws effective against the due 
process clause. 

The remedy seems to lie not in a change of venue, but in a change of 
policy. There will never be a wholly effective conservation statute until 
the lawmakers recognize that an oil field is physically one unit and must 
be treated as one by the law. Ray Lyman Wilbur, when Secretary of the 
Interior, said, “There are two ways in which to settle disputes over an oil 
field: One is by conference around a table on the surface, and the other is 
a mile underground with the drill.’””, The common law adopted the more 
primitive method. The engineers teach us that an oil reservoir is an 
engine by means of which natural forces lift oil to the surface, if properly 
controlled. ‘The common law treats the engine as though it were on a 
scrap heap to be dismembered and carried away for the value of its 
metal by the first takers. Attempts at spacing regulations and at 
proration of production based on ‘‘potential’’ or on the number of wells 
are simply palliatives. The defect of the statutes is the failure to make 
the pattern of drilling conform to underground characteristics of the 
pool instead of surface fence lines. The trouble begins with the drill and 
much of it can be ended there. Oil does not become fugitive until drilling 
of the first well disturbs the natural balance of forces, and the way to 
correct a doctrine based on the fugacious character of oil is to control the 
opportunity to disturb that natural balance. One such control might be 
a statute requiring the development of new fields by operating districts 
modeled on those sustained in Marrs v. City of Oxford. If such a statute 
were conditioned on findings of probable “undue drainage” between 
districts, in deference to the Consolidated Gas decision, the regulatory 
body could probably fix drilling ratios as well as production ratios as 
between districts, apportion production between districts instead of 
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leases, and allot each district’s allowance among all of its leases as was 
done in the City of Oxford case. The draft of such a statute for “unitary 
allocation”’ was published by the writer in 1933, and recent New Mexico 
and Oklahoma statutes tend in the same direction. Federal legislation 
is not necessary to such a reform. But compulsory unit operation is 
enforced in new pools on the public domain under Secretary Wilbur’s 
regulations of April 4, 1932; it was attempted in new private fields under 
the petroleum code; and if Federal control returns to judicial favor com- 
pulsory unit operation will be a likely feature of it. 

Turning to the second of the Federal control features: It is not clear 
that displacement of the compact by a Federal regulatory commission 
would create more than it would destroy. Three parts of the present 
machinery would probably be preserved in any event: the control over 
imports, the Connally Hot Oil Act, and the fact-finding services of the 
Bureau of Mines. These are proper functions of the Federal Govern- 
ment. But if the principle of dual sovereignties is to survive in our 
governmental system, it seems wise to use the full capacity for public 
service that each government possesses. The state’s powers are consti- 
tutionally fitted for the regulation of production. The compact clause 
is the Constitution’s method for gearing that force to a regional problem. 
This has long been recognized in other fields, and the oil compact has 
prompted proposals for similar control of other commodities, particularly 
tobacco, coal and milk. 

The oil compact itself is new, and, as time goes on, it may more closely 
approximate the specifications of the Federal Oil Conservation Board, 
and the later suggestions of Governor Marland. However unfinished 
the present compact may be, this agreement is a start along the only 
constitutional course that has yet been charted. If, after use, it fails to 
develop constructively, then proper Federal powers can supplement it. 
For instance, there are arguments for greater participation in the Compact 
Commission by Federal representatives. Some compacting states would 
welcome that development. But the changes, if any, ought to be in the 
direction of greater cooperation between the Federal and state govern- 
ments, not the aggrandizement of one at the expense of the other. 

The current is running toward a centralized government, whether or 
not the move to reorganize the Supreme Court succeeds, and the oil com- 
pact must be made seaworthy if it is to move against that current and to 
set a course for other industries to follow through the sea of govern- 


mental relations. 


Forces WoRKING TOWARD CHANGE 


We have tried to appraise the good and bad features of the present 
system. In closing, let us measure the forces which are working toward 


a change. 
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The oil business may profit by examining the experiences of two other 
energy-producing industries, electric power and coal. There are family 
resemblances in some statistics of these natural resources. Oil and 
electricity (including steam-generated power) each claims an investment 
of about thirteen billion dollars, and about twenty-six million ultimate 
consumers. Both have steadily reduced the prices of their products. 
As to oil and coal, the investments are not greatly different and the 
annual energy output of the two is roughly of the same magnitude. 
During a time when oil was acquiring its unique control mechanism, 
meanwhile keeping free of a public utility status, these sister industries 
were becoming securely stuck in the Federal flypaper. As to electric 
power, the record is familiar: the Federal Water Power Act, the Holding 
Company Act, Boulder Dam, Bonneville, Grand Coulee and Tennessee 
Valley projects, subsidies for municipal plants, and so on. As to coal, 
the Guffey Coal Control Act is fresh in mind. 

If public opinion has been thus aroused to conserve water power, 
which is annually replenished, and coal, of which we have many hundred 
years’ supply, it is apparent what a fruitful field is presented by the oil 
industry. Here we have in sight reserves for but ten to fifteen years and 
we have left underground, most of it lost forever, a great deal more oil 
than has been taken out. Whenever the price of gasoline, loaded with 
gasoline taxes, begins to crowd the consumer and he turns the issue of 
conservation into an emotional one, it will do little good to give him 
reasons why the country’s oil has been wasted, even though the oil 
industry believes that the reasons are good ones. Whoever reads the 
papers on oil, coal and electric power submitted at the 1936 World Power 
Conference can imagine a similarity in the handwriting on three 
different walls. 

The suggestions repeated in this paper, for strengthening the state 
conservation laws in the direction of drilling control and compulsory 
unit operation and re-enforcing the Interstate Compact in the direction 
of a firmer agreement, are probably no more attractive politically now 
than they were when the Federal Oil Conservation Board first made them. 
But it may be more acceptable in the long run to strengthen the present 
conservation structure from within than to wait for others to pull it 
down from the outside, and move it to a new location on the other side of 
the Constitution. The foundations under the new location look none 
too safe, and the architect’s drawings are not very reassuring as tothe 
uses for which the structure might be adapted. 
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Economics and Well Spacing in Texas 


By Wiuu1am E. Husparp,* Mremprr A.I.M.E. 
(Fort Worth Meeting, October, 1936) 


Durine the last decade the known reserves of petroleum in the United 
States have increased from about five billion to over thirteen billion 
barrels. From the standpoint of public welfare the existence of these 
known reserves presents an undeniably favorable picture, but viewed 
from the position of many a harassed operator the blessing has not always 
been considered an unmixed one. 

Along with this increase in excess reserves, curtailment of production 
has come into being as a matter of necessity and the principle of proration 
asa matter of equity. Asa practical matter it has been considered neces- 
sary to curtail the production of old wells as well as that of new wells 
ina pool. The right of new pools to produce has been recognized, and 
the allowable for them has come partly from increased market demand 
and largely from the allowables already enjoyed by the developed pools. 
The natural result—a downward trend in daily per-well allowables—has 


TABLE 1.—T rend in Five Active Areas in Texas* 


Daily Allowable | Total Daily 


Year Number Welle Nie SE a Well BLL sek Gi cli Nha at he 
1933 16,418 706,500 53.8 393,500 1,100,000 
1934 20,041 733,500 Slat 302,500 1,036,000 
1935 25,224 808,500 32.2 263,500 1,072,000 
9/1/36 34,973 890,500 25.4 238,500 1,129,000 


4 Gulf Coast, East Texas, West Texas and districts 2 and 4 of Southwest Texas. 


been especially felt by Texas operators. This trend may be illustrated 
by Table 1, which comprises the five active areas in Texas, and from which 
may be noted the following: 

1. The average daily allowable per well has decreased about 53 per 
cent in three years. 

2. Of the 184,000-bbl. increase in total allowable for the five areas, 
29,000 bbl. came from the increase in state demand and 165,000 from 
the combined allowables of the remaining pools in the state. 


Manuscript received at the office of the Institute Oct. 8, 1936. 
* Humble Oil and Refining Co., Houston, Texas. : 
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As of June 1, 1936, there were 21,080 wells in the state that had allow- 
ables greater than the marginal allowable for their respective depths. 
That part of their allowable over the marginal totaled 348,700 bbl., or a 
sufficient surplus to furnish marginal allowables for about 17,500 new 
wells. Since that time over 3000 additional producers have been com- 
pleted. There is apparent justification for the widespread belief that 
practically all Texas wells will be down to their marginal allowable in a 
very few years unless the rate of drilling materially decreases. 

For several years the principle has been recognized that oil can be 
recovered without waste by wells spaced more widely apart than was the 
former custom, especially under conditions of restricted production. Of 
the 69 Texas pools for which special field rules have been promulgated, 
88 per cent have spacing rules of 10 acres or more per well and 33 per cent 
have rules of 20 acres or more per well. Pools having spacing rules of 
10 acres or more comprise 242,000 developed acres and 29,000 wells. 
Pools for which orders have been issued devoid of spacing rules, but 
which, nevertheless, have 10-acre spacing by operators’ preference, com- 
prise 17,000 acres and 5,700 wells. The present allowable of these pools 
is 852,700 bbl., or 24.6 bbl. per well. Were they drilled to a 4-acre den- 
sity—that of the average Balcones fault line pool and more or less typical 
of Mid-Continent practice during the early twenties—their average 
allowable per well would be 13.3 barrels. 

This trend of the last several years toward wider spacing has served 
to delay if not to avert a demoralized condition in the industry. 

A critical point has been reached, however, wherein the production 
of each new well adversely affects the allowable of wells already com- 
pleted. Mounting unit costs follow decreasing allowables, and the 
margin of profit, never large on the average, continues to shrink. The 
pay-out period of a well, formerly days or weeks, is now measured in years. 
The completion of 20,000 wells annually in the United States means a 
drilling cost of close to one-half billion dollars, or about fifty cents per 
barrel produced. The producing branch of the industry is credited with 
an investment of about 5}¢ billion dollars. With crude at a dollar per 
barrel the rate of return on investment can be estimated at any figure 
from 3 per cent down. 

In 1934, for the State of Texas, the costs per gross barrel produced, 
figured on a cash—as opposed to a profit and loss—basis, were approxi- 
mately as shown in Table 2. A few items, such as geological work, land 
and engineering expense, and cancellation and amortization of undevel- 
oped leases, are not included in this tabulation because all operators are 
not directly affected by them. 

The importance of the total item for drilling (47.6¢) becomes obvious, 
especially as it is the only item that can be materially reduced in any 
attempt to decrease costs. However, 1936 costs are higher than those 
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shown, for the number of wells drilled is about 23 per cent greater, 


indicating a drilling cost of 51.7¢ per barrel produced. 


TABLE 2.—Costs in State of Texas in 1934 


Cost PER Gross BARREL 


Drilling: 
ELS Coors tae a ea ee $0. 382 
BUONO re er RT oe aan. we screws 0.094 
WCE HT CV tale, nected Mes te alegre Nish en te aca 0.164 
FOV aC Vaaer cee oe AAS A RRO Ee PE EUS TET NOT Mate! fle 0.156 
IBOMUSes AMC CCM Alsen eee coat tio acre ETE ee 0.157 
alsin Cowie Lice Cx DeLsGe «cca eonpursiryer sede. . cde him aoe ot 0.052 
LOWE oe 25 optepetet, ARI Porritt ae ae ay sare gti $1.005 


An analysis of the future period of time during which the capacity to 
produce will be in excess of the demand has economic importance but pre- 
sents difficulty. An inference may be drawn by considering the 12 major 
pools in Texas that have an estimated recoverable reserve of over 50 
million barrels each. 

These pools have reserves of about 4.7 billion barrels, 25,000 wells 
and about one-half of the state allowable production. The average 
density of drilling is now one well to 9.55 acres and will be one well to 
8.32 acres when the pools not fully developed are drilled down to their 
respective spacing rules. 


TABLE 3.—Decline and Production 


Cumulative Production, Bbl. 
Total Poten-| Potential 


a x'po0,000 | Pb 00,0001 are eee ot 

Ose Se See Dea eee oe 380.0 13,250 0 0 

ROGER sb Shei St Cent ae an cere ee 30.0 1,045 40.0 0.85 
ES ORV sle oid os ckeroanccickciises Ri ertee heared 21.3 745 129.5 2.76 
OKC Ryser ts eee APG LAR Ue AOS 15.0 523 213.0 4.53 
dernonthicntamern sr SaAe iach occels 9.0 314 426.0 9.07 
DS aHOY UNL NS gis Pe Pols CRN NE pee OO Oe 7.3 255 663.0 14.12 
ATTA ORGS REA eRe ee cmt ae pst iel oo 5.6 195 1,041.0 22.20 
(qe ial 4 bes cleo = Seale Oe 4.7 164 1,339.0 28.45 
SOULS Meee te et ear ieee 3.1 108 1,555.0 33.10 
1 year 2.25 90 1,877.0 39.90 
DV CRUG) yo ste rth a he(s\.beee) iol) fatrys 2. 33% 1.5 60 2,557.0 54.30 
OMY CHUS cre arin ean os im is aang 6 1.0 40 3,012.0 63.00 
AG CATA TEE oy. ese i oe oot 0.75 30 3,332.0 70.78 
GVM SIRO AB GAG cid on aia tia aes eee 0.60 24 3,578.0 76.05 
URVCaTA ected Panera ae cee as lens 0.45 18 3,769.0 80.21 
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Based upon productivity indices and known open-flow data in a few 
of the pools, the total open-flow potential may be estimated at 380 million 
barrels, or slightly over 13,000 bbl. per well. As the initial production of 
the first wells at Powell was of this approximate magnitude, and as 
detailed decline data for Powell are also available, an assumed curve was 
reconstructed from the Powell curve to reflect what changes would have 
occurred had all of the wells started producing at capacity simultaneously 
and had the density been 8.32 acres per well. Decline and cumulative 
production data from this curve are given in Table 3. The table would 
indicate the following: 

1. Present potentials are meaningless and under open flow could 
not be approximately maintained for more than a matter of minutes 
or seconds. 

2. Under open flow the combined potential of the 12 pools would be 
down to 3.1 million barrels, or the present national demand, within 
eight months. 

3. If produced at the national daily rate of production, they could 
probably maintain that rate for 500 days. 

4. They could probably produce the present total Texas allowable for 
a period of 6.68 years. 

5. By projection, the curve would indicate that at 5.13 years the 
potential would be equal to the present rate of production, or 580,000 bbl. 
daily. At such time 3.58 billion barrels would have been produced, 
indicating that, with the production held at the present rate, 16.9 years 
would elapse until wide open conditions would prevail. 

A second method for arriving at a quantitative result is the following: 
In 1925 the Committee of Eleven estimated our United States reserves 
at 5.3 billion barrels. In 1926 the Federal Oil Conservation Board esti- 
mated them at 4.5 billions, an average for the two-year period of 4.9 
billions. In 1925 twenty-six million barrels were added to stocks and in 
1926 twenty million barrels were withdrawn. The average yearly pro- 
duction for the two years was 767 million barrels. 

Assuming that for the two-year period there was an approximate 
balance between demand and wide open production, the factor of 
4.9 + 0.767, or 6.385, becomes significant. The factor merely means 
that if the existing rate of production could have been maintained, the 
supply would have lasted for 6.385 years or that there would have been 
6.385 X 365, or 2330 bbl. back of each barrel of daily production. 

On this basis, the number of years that will elapse before potential 
and demand are in balance may be derived from the following equation: 


Ridsarie n(p + Prat) 
geen = 6.385 


< 
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Where & = present reserves, 


nm = number of years, 
p = present yearly demand, 
F = yearly finding of new reserves, 


r = average rate of increase in yearly demand over 1936. 
(All barrels in billions.) 


TaBLe 4.—Elapsed Years 


Yearly Finding, Bbl. x 1,000,000 0 250 500 750 1000 


Increase, Yearly Demand, Per Cent 


5.80 | 7.58 | 10.91 | 19.51 | 92.3 
2 Onl Oe2 7s |e eO ll elOn ase lonO1 
5 4.26) 4.70 | 5.63 | 7.08) 9.10 


Table 4 is derived from the equation and assumes that cracking 
efficiency will remain constant. Neither of the extremes presented in 
the table is claimed to be reasonable. The important point is that prora- 
tion is inevitable for a period of many years. The period will probably 
be extended by the necessity for maintaining an excess of reserves over 
demand for the emergency of war. Drastic changes in motor design 
and hydrogenation are already waiting their turn as conservation agents. 
Sound predictions have been made that crude-oil requirements for 1960 
will be below those of 1940. It might not be unreasonable to assume that 
some measure of restriction upon open flow may be employed indefinitely. 

The most important factors affecting the price of crude today are 
supply and proration. The elements of supply may be grouped as follows: 


I. Underground reserves 
A. Unproved 
B. Proved 


C. Developed 
1. Rate at which producible or well density 


II. Aboveground reserves 

Unproven reserves have no effect on price. Likewise proven reserves, 
if scantily developed, have little if any effect on price. Developed 
reserves have a varying effect depending on the intensity of their develop- 
ment, for it is the surplus capacity to produce reserves and not reserves 
themselves that presents an ever-present threat to market stability. 
The drilling of wells over the amount necessary to satisfy the market 
demand without waste has a dual effect as a natural price depressant, for 
reserves are not only made more immediately available to the market 
thereby but the lower allowable per well decreases the margin of profit, 
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and, by thus increasing the amount of distress oil, increases the urge 
to overproduce. 

Aboveground reserves, ignoring seasonal variations, have become a 
barometer of the effectiveness of proration control, and as such have 
probably as much influence on price as in the past. 

Proration has had a natural effect of stabilizing price at a level some- 
what above that which would be determined by the free operation of 
supply and demand. This is because excessive aboveground storage is 
considered conducive to physical waste, and it therefore follows that 
one of the functions of proration is the limiting of production to market 
demand. However, any attempt to control price further than this by 
proration would meet with disaster. If allowable production exceeds 
demand materially, prices drop, and any attempt to raise prices by prorat- 
ing to a point below market demand would make such proration order 
vulnerable to court attack. 

Likewise any attempt by anyone to arbitrarily raise prices would 
invite the drilling of additional unnecessary wells and merely aggra- 
vate the prevailing tendency toward instability. Demand itself can 
be stimulated only through price recessions or the offering of a higher 
grade product. 

Regulatory bodies, charged with the duty of securing allowable pro- 
duction for new wells, are faced with a task increasingly difficult. The 
majority in the industry is agreed that there are too many wells and 
that too many are constantly being drilled. Both the cause of and the 
answer to the problem are fairly obvious. Table 5 is indicative of the 
cause. It purports to show the relative amounts that properties with 


TaBLe 5.—Ultimate Production per Acre Based upon Method of Proration 


Production per Acre, Bbl. 


Size of Tract 


Sie | BRB. evvaeams | 28O,Fer, Cant 
NOWMeres has vuee tary nami aed ieea 10,000 10,000 10,000 10,000 
EAGT OR Se Sete ecR rene ic iiss wee eet cere 10,000 14,100 15,000 20,000 
ZUGAACTOR Eye cae cet mete 10,000 20,000 25,000 40,000 
LeQraCrens!is iy. teks. shee ee ee 10,000 28,200 45,000 80,000 
DOUAGTES 13h. to ee 3 on a hari anes 10,000 40,000 85,000 160,000 


equivalent well potentials would be allowed to produce under different 
conditions of proration and well density. A spacing rule of 10 acres and 
the presence of 10,000 bbl. per acre of recoverable oil are assumed. The 
table shows the following: 

1. With strict enforcement of spacing rules devoid of exceptions, each 
lease receives its proportional part of the oil in place under any of the 
four proration methods shown. 


a 
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2. In the drilling of various sized tracts, both equity and the drilling 
of a minimum number of unnecessary wells may be achieved by proration 
on an oil-in-place basis. 

3. Proration based on the Cutler theory furnishes a substantial incen- 
tive for close drilling. (This theory has been advanced by supporters of 
close spacing as a measure of the condition existing under the operation 
of the rule of capture. Strangely enough, it has never been used in a 
proration formula.) 

4. Neither A + P nor 100 per cent P prorate either on the basis of 
the rule of capture or oil in place, nor are they compromises of the two. 

5. Potential, as currently used, is no measure whatever either of oil 
in place or of expected recovery under the rule of capture. 

6. Existing proration methods have given an arbitrary value to small 
tracts out of all proportion to their intrinsic worth. Whatever may be 
the group that this system is designed to assist, it is unsound, for com- 
petitive bidding will eventually raise the purchase price of such tracts 
to a level commensurate with the return on investment. 


SUMMARY AND CONCLUSIONS 


1. Per-well allowables in Texas have dropped at a rapid rate during 
the past three years. It appears that no well can be allotted more than 
the marginal allowable for its depth within a comparatively short time. 

2. The presence of large excess reserves indicates that sharply cur- 
tailed production will be inevitable for many years. 

3. A certain amount of wide spacing has served to avert a chaotic 
condition, but too many wells have been drilled and a critical point has 
been reached. 

4. For the producing industry to be established on a sound and 
profitable basis a drastic decrease in rate of drilling is necessary. 

5. Excess reserves are of such magnitude and the rate at which they 
can be produced is so great that price stability is constantly threatened 
and is maintained only by proration. 

6. A legitimate function of proration is the limiting of production 
to market demand, but any attempt to control price by exceeding this 
function will fail. 

7. Price is affected by the density to which reserves are drilled and 
not by the reserves themselves. 

8. The drilling of a large number of excess wells, despite the fact 
that it greatly increases unit costs, can have no natural effect on prices 
but that of depressing them. This should be of particular significance 
to the smaller units in the industry, dependent upon a reasonable cur- 
rent income. 

9. Drilling cost represents about one-half of the current cost of pro- 
ducing oil and is the only item that can be readily reduced. 
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10. The cause of close drilling has been the type of proration meth- 
ods employed. 

11. Current proration formulas do not prorate on the basis of either 
the rule of capture or oil in place. 

12. Proration on a basis of oil in place, or any other basis that achieves 
the same equity, coupled with wide-spacing rules, is a sound solution of 
the problem. 


DISCUSSION 
(Carl E. Reistle, Jr., presiding) 


R. E. Harpwicke,* Fort Worth, Tex.—Apparently there is little ground for doubt- 
ing the accuracy of the statements of fact as given in Mr. Hubbard’s paper. The 
trend is everywhere recognized. Rather disastrous results are almost inevitable, 
and, though the remedies for cushioning the shock are clear and have long been known, 
very little is being done about it. The apathy of the great majority of persons in 
the oil industry, in the face of such conditions, is difficult to understand. 

The source of most of the trouble is excessive or unnecessary drilling, with the 
outstanding evils being (1) difficulty of production control and (2) unnecessary 
expense. It is obvious that the demand for crude has expanded but slightly while 
the net number of producing wells has increased greatly. The average allowable per 
well has steadily declined, with rapid approach to the critical point. A material 
increase in the over-all allowable, simply to raise the average in barrels of the per well 
allowable, would be unwise, for, apart from physical waste, price would surely decrease 
to an extent that the income would be less than that received with the lower allow- 
able in effect. Production control becomes difficult under such conditions, for the 
competition between states, and between fields and areas in a state, for higher allow- 
able at the expense of others becomes acute. The political phase of the problem 
becomes accentuated. Furthermore, the decreasing average allowable per well, 
resulting from excessive drilling and with no material increase in market demand 
creates a tendency for violation of proration orders. 

The second prime evil resulting from many unnecessary wells is unnecessary 
expense. Assuming as correct the figures frequently given for the East Texas field, 
it appears that some 12,500 unnecessary wells have been drilled. Assuming the 
average cost to be $13,000, it follows that 162 million dollars has been spent in drilling 
these 12,500 unnecessary wells. Taking 1935 as a basis, it appears that the price of 
oil was approximately $1 per barrel, that the average daily production was about 
435,000 bbl., or, in round numbers, 159,000,000 bbl. per year. From these calcula- 
tions it appears that if the price of oil had been $2 a barrel for 1935, the additional 
income to the operators from the 100 per cent increase in price would have been only 
159 million dollars, which is less than the amount spent in drilling approximately 
12,500 unnecessary wells. In other words, if the unnecessary wells had not been 
drilled, the operators as a whole would have saved 162 million dollars, being better 
off than if they had drilled the wells and received $2 a barrel instead of $1 a barrel 
for the 1935 production. It is very doubtful whether the ultimate recovery from 
the field will be any higher because these 12,500 wells were drilled, and it is almost 
certain that any increase in recovery will fall far short of repaying the expense of 
drilling and operating such wells. Similar conditions prevail in many fields, notably 
Oklahoma City. 


* Hardwicke, Brelsford & Cheek. 
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Adopting the language of the economists, the oil industry at the present time is 
in a condition called ‘economy of abundance” instead of “economy of scarcity.” 
The problem is to sell crude oil at a fair price instead of the problem of producing 
enough oil to supply an almost unlimited demand at a very profitable price. Partly 
because of such conditions, and partly because of a better appreciation of intelligent 
production methods, the old days of open-flow production and over-night millionaires 
are about gone. Adopting a trite expression, the oil business is now more of a busi- 
ness than a gamble. Operators are daily becoming convinced that profit must be 
sought by operating at less expense. Marketers, to increase sales, are almost reduced 
to the expediency of making a better product than their competitors. Clearly, much 
will be saved if fewer wells are drilled with no appreciable loss in ultimate recovery. 

The remedy for decreasing the number of unnecessary wells appears to be quite 
plain: Mr. Hubbard points it out—a proration order which fairly distributes the 
allowable production for the field, virtually protecting against undue drainage, almost 
automatically stops unnecessary drilling. Each operator, under such an order, would 
not be required to drill unnecessary wells to get his fair share. Distribution of pro- 
duction on a flat per well basis, or on a potential basis where the spacing of wells 
is not uniform or is too dense, almost always results in inequities and in unneces- 
sary drilling. 

There seems to be little doubt that facts are now available for writing proration 
orders that minimize drilling and give each operator his fair share of the production. 
On the whole, the administrative bodies have done their part, but there still is room 
for substantial improvement. 

A special Sub-Committee of Nine is now studying the evils of unnecessary drilling. 
Mr.Hubbard’s paper will be of great assistance to the committee.! 


1The report of the Sub-Committee of Nine, Evils Attending Unnecessary Drilling 
in Proven Fields, and the Remedy, dated Dec. 1, 1936, has been published in full in the 
Independent Monthly (January 1937) and in the O7l Weekly (Dec. 28, 1936). 


Acreage and Potential Factors in Allocation 


By Evcene A. SrernHenson,* Memper A.I.M.E. 
(Fort Worth Meeting, October, 1936) 


THE writer apologizes for presenting this very elementary analysis of 
one aspect of proration, but a search of the literature failed to disclose 
any concrete illustrations of the effect of various proration formulas 
upon the allowable oil produced by tracts of different sizes. Many 
engineers have doubtless made somewhat similar calculations and are 
fully acquainted with the results. 

The various allocation formulas that are in use are based on one or 
more of the following factors: (1) wide-open well potential, (2) potential 
through an orifice, (3) uniform well allowable, (4) acreage, (5) sand thick- 
ness, (6) bottom-hole pressure, (7) productivity index, and (8) volumetric 
displacement. Of these, the unrestricted potential formula, or open-flow 
test, and the uniform well allowable are commonly regarded by engineers 
as those least likely to give each producer his proportionate share of the 
oil or gas, as represented either by acreage or by sand thickness, or both, 
except when the wells are located on tracts of large size. 

Unless the mechanical equipment that may be used during the 
potential test and the method of taking the test are both specified, the 
net result of the potential formula is to practically force the operators 
to use special equipment and adopt special procedures prior to and during 
the potential test, so as to secure the largest possible allowables. Much 
ingenuity and skill have been devoted to this problem, but the general 
effect is to permit excessive allowables for very small tracts, and stimulate 
unnecessary drilling. 

It is interesting to compare some of the high yields from the Wilcox 
horizon at Oklahoma City with each other, as an illustration of the effect 
of an allocation factor based solely on potential (Table 5). One of the 
glaring instances is a well on a 14-acre lease, which had produced, as of 
September 1936, at the rate of almost 3,000,000 bbl. per acre. This is at 
least twice as many barrels as could have been present under the property 
if the reservoir had consisted of a tank of oil 200 ft. deep and 14 acre 
in area. 

Numerous combinations of acreage, potential, bottom-hole pressure, 
sand thickness, etc., have been proposed and are in use in various fields. 


Manuscript received at the office of the Institute Oct. 9, 1936. 
* Professor of Petroleum Engineering, University of Missouri, School of Mines 
and Metallurgy, Rolla, Mo. 
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One of the best formulas is that proposed by the allocation committee 
of the American Petroleum Institute, but even this one has been criti- 
cized, because it is based fundamentally on oil in place. The criticism 
is hardly deserved, since the ideal plan would be to preserve the property 
status that existed at the time the reservoir was tapped. Equity would 
give then to each producer either the exact amount of oil or gas that 
existed under his property at the date of discovery, or a rate of production 
bearing the same ratio to the total rate for the pool as his original oil or 
gas content bore to the original oil or gas in the entire pool. 

It has been advocated by some that an allocation formula which gave 
weight to both acreage and potential would be equitable to all parties 
concerned, and the tables shown herewith have been calculated to show 
how such formulas affect the allowable production when the latter is 
expressed on a per acre basis. Four complete sets of calculations have 
been made, each consisting of five ‘‘cases’’ corresponding to five stages 
in the development of an imaginary field. The latter is assumed to 
include 600 acres initially, with a gradual expansion in size until com- 
plete development is reached at 8000 acres. The potential for the field is 
assumed to be 800 bbl. per hour at the 600-acre stage, and it gradually 
increases to 12,000 bbl. per hour when the field is fully developed. A 
corresponding change in the allowable is also assumed, starting at 
12,000 bbl. per day and reaching a maximum of 72,000 bbl. per day when 
the field is developed. 

Making use of these assumptions, the allowables have been computed 
that would result from allocation formulas which include both acreage and 
potential in the following proportions: 

1. Allocations based on 50 per cent acreage and 50 per cent potential. 

2. Allocations based on 75 per cent acreage and 25 per cent potential. 

3. Allocations based on 25 per cent acreage and 75 per cent potential. 

4, Allocations based on 90 per cent acreage and 10 per cent potential. 

These formulas can all be expressed as follows: 


PRP. At 
ae BF) cs we =) 


when Q = barrels per day allowable to any well, 
x = percentage allocated to potential, 
y = percentage allocated to acreage, and x + y = 100 per cent, 
B; = field allowable, barrels per day, 
P,, = well potential, barrels per hour, 
P,; = field potential, barrels per hour, 
Aw = acres per well, 


A; = acres in field. 
In order to show how these different formulas affect the allowable 


oil produced from tracts of different sizes, each one of the four has been 
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TaBLe 1.—Allocations Based on 50 Per Cent Acreage and 50 Per Cent 


Potential 
Number of 
Acres per 1 5 10 15 20 
Well 
Daily 
Allowable 
ber Welle |p. | 4) lp ale) 4 eel Pe ee ed PAL ee 
Potential of 
Well, Bbl. 
per Hr. 
Casp I. Dxvetorrp Arma or Finwp, 600 Acrzs; awe A neds or Frexp, 800 Bsu.; Darny ALLOWABLE OF FIELD, 
; BL. 
10 75 10 | 85 75 50 | 125 75 | 100 | 175 75 150 | 225 75 200 | 275 
15 112.5] 10} 122.5} 112.5} 50°] 172.5] 112.5) 100 | 212.5) 112.5} 150 | 262.5) 112.5) 200 | 312.5 
20 150 10 | 160 | 150 50 | 200 | 150 | 100} 250 | 150 150 | 300 | 150 200 | 360 
25 187.5] 10] 197.5] 187.5} 50 | 237.5] 187.5} 100 | 287.5) 187.5} 150 | 337.5) 187.5) 200 | 387.5 
30 225 10 | 235 | 225 50-1 275 | 225 | 100 | 325 | 225 150 | 375 | 225 200 | 425 
Daily Allowable Production, Bbl. per Acre 
10 85 25 17.5 15 13.75 
15 122.5 32.5 21.25 17.5 15.625 
20 160 25 20 17.5 
25 197.5 47.5 28.75 22.5 19.375 
30 235 55 32.5 25 21.25 
Allowable per Acre as Percentage of Allowable per Acre for 20-acre Tract 
10 617 182 127 109 100 
15 785 208 136 112 100 
20 914 229 143 114 100 
25 1019 243 148 116 100 
30 1105 259 153 118 100 


Casn II. Dnve.opmp Arma or Frexp, 1200 Acrzs; Si pesped ar or Fretp, 1500 Bsi.; Darty ALLOWABLE OF FIELD, 
0, BL. 

10 66.66] 8.33] 74.99] 66.66/41.66]108.32| 66.66/83.33]149.99| 66.66] 125 |191.66] 66.66/166.66)233.32 

15 100.00} 8.33}108.33|100.00)41. 66/141. 66] 100.00/83.33)183.33/100.00| 125 |225.00/100.00)166 66)266.66 

20 133.33 ae 141 .66}133 .33]/41.66}174. 99] 133 .33/83 .33/216.66/133.33| 125 |258.33/133.33/166.66/299.99 

8.3 


25 166.66 3) 174.99) 166.66) 41. 66)208 32/166. 66/83 .33)249 .99)166.66| 125 |291. 66/166. 66/166. 66/333 .32 
30 200.00 31208 .331200 00/41 . 661241 . 66/200 00/83 .33/283 .33/200.00| 125 |325.00/200.00/166 . 66/366 .66 


Daily Allowable Production, Bbl. per Acre 


10 75 21.66 15.00 12.77 11.66 

15 108.33 28.33 18.33 15.00 13.33 

20 141.67 35.00 21.66 17.22 15.00 

25 175.00 41.66 25.00 19.44 16.67 

30 208.33 48 .33 28.33 21.67 ! 18.33 

Allowable per Acre as Percentage of Allowable per Acre for 20-acre Tract 

10 642 186 128 109 100 

15 812 212 137 112 100 

20 944 233 144 115 100 

25 1050 250 150 116.6 100 

30 1137 263 154 118 100 

Casn III. Davetorrp Arma or Frep, 3000 Acrzs?; ay ge or Fretp, 4000 Bsu.; Darny ALLOWABLE OF FieLp, 
0, BL. 
10 37.5 | 5 | 42.5 | 37.5 | 25 | 62.5 | 37.5 50 | 87.5 | 37.5 7 1112.5 | 37.5 100 |137.5 


15 36.25) 5 | 61.25) 56.25} 25 | 81.25) 56.25) 50 1106.25] 56.25) 75 |181.25) 56.25) 100 |156.25 
20 75.00] 5 | 80.00} 75.00) 25 100.00} 75.00} 50 |125.00| 75.00} 75 |150.00] 75.00} 100 |175.00 
25 93.75) 5 | 90.75) 93.75) 25 ]118.75] 93.75) 50 |143.75] 93.75) 75 168.75] 93.75] 100 |193.75 
30 112.5 | 5 1117.5 112.5 | 25 1187.5 [112.5 | 50 [162.5 [112.5 | 75 [187.5 |112.5 | 100 |212.5 


Daily Allowable Production, Bbl. per Acre 


10 42.5 12.5 8.75 7.5 6.875 
15 61.25 16.25 10.625 8.75 7.812 
20 80 20 12.5 10.00 8.75 
25 98.75 23.75 14.375 11.25 9.687 
30 117.5 27.5 16.25 12.50 10.625 
Allowable per Acre as Percentage of Allowable per Acre for 20-acre Tract 

10 618 182 100 
15 785 208 100 
20 914 228 100 

1020 100 


1106 


“In all tables included here, P, allowable due to potential, bbl. ll day; A, allowable due t li 
well per day; P + A, total allowable, bbl. per well pel ciabatta sa kigscige Yin gona nage 
> Or 6000 acres, 8000 bbl. and 60,000 bbl. 
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TaBLE 1.—(Continued) 


eee So ee 
Number of 


Acres per 1 5 
Well 10 15 20 


Daily 
Allowable 
per Welle 
Saxe |S 2 A |P+A| P A |P+ Al P A |IP+ Al P A |P+ Al P A |IP+A 
Potential of 
Well, Bbl. 

per Hr. 


Case IV. Devetopep Arua or Frexp, 8000 Acrus; Hourty Porenrian or Frnt, 10,000 Bsu.; DatLy ALLOWABLE OF 
Fratp, 60,000 Bat. 


10 30 | 3.75) 33.75} 30 |18.75] 48.75} 30 | 37.5) 67.5 | 30 | 56.25] 86.25] 30 75 105 
15 45 | 3.75) 48.75} 45 {18.75} 63.75) 45 | 37.5) 82.5 | 45 | 56.25/101.25) 45 75 120 
20 60 | 3.75) 63.75) 60 |18.75) 78.75) 60 | 37.5] 97.5] 60 | 56.25/116.25| 60 75 135 
25 75 | 3.75) 78.75) 75 |18.75) 93.75) 75 | 37.5)112.5 | 75 | 56.25/131.25) 75 75 150 
30 90 | 3.75} 93.75) 90 |18.75]108.75| 90 | 37.5/127.5 | 90 | 56.25]146.25] 90 75 165 


Daily Allowable Production, Bbl. per Acre 


10 33.75 9.75 6.75 5.75 5.25 


15 48.75 12.75 8.25 6.75 6.00 
20 63.75 15.75 9.75 7.75 6.75 
25 78.75 18.75 11.25 8.75 7.50 
30 93.75 21.75 12.75 9.75 8.25 


Allowable per Acre as Percentage of Allowable per Acre for 20-acre Tract 


10 642 185 120 109.5 100 
15 812 212 137 112 100 
20 945 233 144 115 100 
25 1050 250 150 116 100 
30 1135 264 155 118 100 


Casn vu. Dxvetoprp Arma or Fiextp, 8000 Acrus; Hourty Porentray or Fiexp, 12,000 Bat.; Darby ALLOWABLE OF 
Frexp, 72,000 Bau. 


10 30 | 4.5 | 34.5 30 22.5) 52.5 30 45 75 30 67.5 | 97.5 | 30 90 120 
15 45 4.5 | 49.5 45 22.5) 67.5 45 45 90 45 67.5 |112.5 45 90 135 
20 60 4.5 | 64.5 60 22.5) 82.5 60 45 | 105 60 67.5 |127.5 60 90 150 
25 75 4.5 | 79.5 75 22.5] 97.5 75 45 | 120 75 67.5 |142.5 75 90 165 
30 90 4.5 | 94.5 90 22.5)112.5 90 45 | 135 90 67.5 |157.5 90 90 180 
Daily Allowable Production, Barrels per Acre 
10 34.5 10.5 7.5 6.5 6.00 
15 49.5 13.5 9.0 7.5 6.75 
20 64.5 16.5 10.5 8.5 7.50 
25 79.5 19.5 12.0 9.5 8.25 
30 94.5 22.5 13.5 10.5 9.00 


Allowable per Acre as Percentage of Allowable per Acre for 20-acre Tract 


applied to tracts of 1, 5, 10, 15 and 20 acres, with the well potentials 
ranging from 10 to 30 bbl. per hour. To compare the yields per acre 
that result from application of the various formulas, the allowable per 
acre from a 20-acre unit has been considered as 100 per cent and the 
allowable per acre from the smaller tracts expressed as percentage thereof. 

In every case, the advantages possessed by the owner of a one-acre 
tract are great. With a well having a potential of 10 bbl. per hour, he 
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TasBLEe 2.—Allocations Based on 75 Per Cent Acreage and 25 Per Cent 


Potential 

Number of 

Acres per 1 5 10 15 20 
Well 
Daily 

Allowable 

_per Wella | > | 4 |ptal p | a i[p+al P| 4 i[pP+al P| A [P+al P | A |P+A 

Potential of 

Well, Bbl. 
per Hr. 

Casn I. Drvetorpmp Arn or Fiexp, 600 Acrus; aden pt ot or Fretp, 800 Bsu.; Darny ALLOWABLE OF FIELD, 

i BL. 

i a a a 
10 37.5 | 15] 52.5 | 37.5 | 75 | 112.5) 37.5 | 150 | 187.5) 37.5 |] 225 | 262.5) 37.5 | 300 | 337.5 
15 56.3 | 15] 71.3 | 56.3 | 75 | 181.3] 56.3 | 150 | 206.3] 56.3 | 225 | 281.3) 56.3 | 300 | 356.3 
20 75 15 | 90 75 75 | 150 | 75 150 | 225 | 75 225 | 300 | 75 300 | 375 
25 93.7 | 15 108.7 | 93.7] 75 | 168.7| 93.7 | 150 | 243.7] 93.7 | 225 | 318.7] 93.7 | 300 | 393.7 


30 112.5 | 15 1127.5 {112.5 | 75 | 187.5/112.5 | 150 | 262.5/112.5 | 225 337.5|112.5 | 300 | 412.5 


10 52.5 22.5 18.75 17.5 16.87 
15 71.3 26.2 20.63 18.75 17.81 
20 90 30.0 22.50 20.00 18.75 
25 108.7 33.7 24.37 21.22 19.68 
30 127.5 37.5 26.25 22.23 20.62 
Allowable per Acre as Percentage of Allowable per Acre for 20-acre Tract 
10 311 133 lll 104 100 
15 400 147 116 105 100 
20 480 160 120 106 100 
25 552 171 124 108 100 
30 618 182 127 108 100 
Case II. Deve tormp Arma oF Frevp, 1200 Acrus; spree Sar diag or Fratp, 1500 Bat.; DarLy ALLOWABLE OF FIELD, 
i BL. 
10 33.3 | 12.5] 45.8 | 33.3 | 62.5] 95.8 | 33.3 | 125 | 158.3] 33.3 | 187.5) 220.8] 33.3 250 | 283.3 
15 50 12.5) 62.5 | 50 62.5}112.5 | 50 125 | 175 50 187.5} 237.5} 50 250 | 300 
20 66.6 | 12.5] 79.1 | 66.6 | 62.5}129.1 | 66.6 | 125 | 191.6) 66.6 | 187.5) 254.1] 66.6 250 | 316.6 
25 83.3 | 12.5] 95.8 | 83.3 | 62.5]/145.8 | 83.3 | 125 | 208.3) 83.3 | 187.5] 270.8] 83.3 250 | 333.3 
30 109 12.5|112.5 |100 62.5/162.5 |100 125 | 225 [100 187.5| 287.5/100 250 | 350 
Daily Allowable Production, Bbl. per Acre 
10 45.8 19.2 15.8 14.7 14.1 
15 62.5 22.5 17.5 15.8 15.0 
20 79.1 25.8 19.2 16.9 15.8 
25 95.8 29.1 20.8 18 16.6 
30 112.5 32.5 22.5 19.1 17.5 
Allowable per Acre as Percentage of Allowable per Acre for 20-acre Tract 
10 325 136 112 104 100 
15 417 150 117 105 100 
20 500 163 121 107 100 
25 576 175 125 108 100 
30 643 186 128 109 100 
Casu III. Davntormp Arma or Fratp, 3000 Acrgs; barn re or Fretp, 4000 Bat.; Darty ALLOWABLE OF FigLp, 
E BL. 
10 18.7 | 7.5 | 26.2 | 18.7 | 37.5) 56.2 | 18.7 75 | 93.7 | 18.7 | 112.5) 131.2) 18.7 150 | 168.7 
15 28.1 | 7.5 | 35.6 | 28.1 | 37.5) 65.6 | 28.1 75 1103.1 | 28.1 | 112.5] 140.6] 28.1 150 | 178.1 
20 37.5 | 7.5 | 45.0 | 37.5 | 37.5) 75 37.5 75 |112.5 | 37.5 | 112.5] 150 37.5 150 | 187.5 
25 46.8 | 7.5 | 54.3 | 46.8 | 37.5) 84.3 | 46.8 75 |121.8 | 46.8 | 112.5) 159.3] 46.8 150 | 196.8 
30 56.2 | 7.5 | 68.7 | 56.2 | 37.5} 93.7 | 56.2 75 {181.2 | 56.2 | 112.5] 168.7| 56.2 150 | 206.2 
Daily Allowable Production, Bbl. per Acre 
10 26.2 11.2 9.37 8.75 8.43 
15 35.6 13.1 10.31 9.37 8.90 
20 45.0 15.0 11.25 10.00 9.37 
25 54.3 16.8 12.18 10.60 9.84 
30 63.7 18.7 13.13 11.24 10.31 
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Number of 
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TABLE 2.—(Continued) 
eee 


5 


10 


15 


20 


177 


Daily 
Allowable 
per Well 


Potential of 


Well, Bol. 
per Hr. 


ie 


Fs Wesel 


P. A |P=: A 


P eh [Par sh 


Pees 


P 


A |P+A 


Casz IV. Devetopmp Arma or Fruxp, 8000 Acrus; Hourty PorentiaL or Fretp, 10,000 Bst,; Darny ALLOWABLE OF 


Fratp, 50,000 Bau. 


10 12.5 | 4.7 | 17.2 | 12.5 | 23.5} 36. 12.5 47 | 59.5 | 12.5 | 70.5 | 83.0 | 12.5 94 106.5 
15 18.7 | 4.7 | 23.4 | 18.7 | 23.5) 42.2 | 18.7 47 | 65.7 | 18.7 | 70.5 | 89.2 | 18.7 94 112.7 
20 25 Ai} 29.7 | 25 23.5) 48.5 | 25 aT 72-0" 25 70.5 | 95.5 | 25 94 119.0 
25 31.2 | 4.7 | 35.9 | 31.2 | 23.5] 54.7 | 31.2 ap) 78.2 431.2 | 70-5 (100,71 31.2 94 125.2 
30 37.5 | 4.7 | 42.2 | 37.5 | 23.5] 61.0 | 37.5 47 | 84.5 | 37.5 | 70.5 |108.0 | 37.5 94 131.5 
Daily Allowable Production, Bbl. per Acre 
10 17.2 oP 5.95 5.53 5.32 
15 23.4 8.4 6.57 5.94 5.63 
20 29.7 9.7 7.20 6.36 5.95 
25 35.9 10.9 7.82 6.78 6.25 
30 42.2 12.2 8.45 7.20 6.57 
Allowable per Acre as Percentage of Allowable per Acre for 20-acre Tract 
10 323 135 112 104 100 
15 415 149 117 105 100 
20 500 163 121 107 100 
25 574 174 125 108 100 
30 642 186 128 109 100 
Casn V. Dsvetopzp Arna or Frexp, 8000 Acres; Hourty Pormntian or Freip, 12,000 Bau.; Darby ALLOWABLE OF 
Frexp, 72,000 Bat. 
10 15 6.75) 21.75) 15 83.7| 48.7 | 15 67.5) 82.5 | 15 101.2) 116.2} 15 135 | 150 
15 22.5 | 6.75| 29.25)|-22.5 | 33.7) 56.2 | 22.5 | 67.5} 90 22.6 | 101.2) 123.7) 22.5 135 | 157.5 
20 30 6.75] 36.75) 30 33.7| 63.7 | 30 67.5| 97.5 | 30 101.2] 131.2] 30 135 | 165 
25 37.5 | 6.75] 44.25] 37.5 | 33.7) 71.2 | 37.5 | 67.5/105.0 | 37.5 | 101.2) 138.7) 37.5 | 185 | 172.5 
30 45 6.75} 51.75) 45 33.7) 78.40 | 45 67.5/112.5 | 45 101.2} 146.2) 45 135 | 180 
Daily Allowable Production, Bbl. per Acre 
10 21.75 9.75 8.25 7.75 15 
15 29.25 11,25 9.00 8.25 7.87 
20 36.75 12.75 9.75 8.75 8.25 
25 44.25 14.25 10.50 9.25 8.62 
30 51.75 15.75 11.25 9.75 9.00 
Allowable per Acre as Percentage of Allowable per Acre for 20-acre Tract 
10 290 130 110 103 100 
15 372 143 114 104 100 
20 445 155 118 106 100 
25 513 165 122 107 100 
30 575 175 125 108 100 


may produce from 300 to over 1000 per cent as much oil per day from 
his one acre as the operator on a 20-acre tract may produce per acre. 
If his well has a potential of 30 bbl. per hour, he may produce from 300 
to nearly, 1600 per cent as much per acre per day as the operator on a 
20-acre tract, with a well of the same capacity. The higher the potential, 
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Taste 3.—Allocations Based on 25 Per Cent Acreage and 75 Per Cent 
Potential 
Namen le 


Acres per 
Well 


Daily 
Allowable 
per Well@ 

Potential of 
Well, Bbl. 
per Hr. 


P 


A jP-+-A) P 


A |P+A 


P 


10 


20 


A |P+A| P 


APP cA ee 


A. \P+A 


Case I. DrveLorzp Arma or Frexp, 600 Acres; Hourty Porenttau or Frevp, 800 Bau.; Damy ALLOWABLE oF Fixup, 


12,000 Bat. 
10 112.5) 5 | 117.5) 112.5) 25 | 137.5) 112.5; 50 | 162.5) 112.5) 75 | 187.5) 112.5) 100 | 212.5 
15 168.8] 5 | 173.8] 168.8] 25 | 193.8] 168.8] 50 | 218.8] 168.8] 75 | 243.8] 168.8} 100 | 268.8 
20 225.0] 5 | 230.0] 225.0] 25 | 250.0] 225.0) 50 | 275.0] 225.0] 75 | 300.0) 225.0) 100 | 325.0 
25 281.2} 5 | 286.2] 281.2] 25 | 306.2] 281.2) 50 | 331.2) 281.2] 75 | 356.2) 281.2) 100 | 381.5 
30 337.5] 5 | 342.5] 337.5] 25 | 362.5] 337.5| 50 | 387.5] 337.5] 75 | 412.5) 337.5) 100 | 437.5 
Daily Allowable Production, Bbl. per Acre 
10 117.5 25.5 16.3 12.5 10.6 
15 173.8 38.7 21.9 16.2 13.4 
20 230.0 50.0 27.5 20.0 16.2 
25 286.2 61.2 33.1 23.8 19.1 
30 342.5 72.5 38.6 27.5 21.8 
Daily Allowable per Acre as Percentage of Allowable per Acre per Day for 20-acre Tract 
10 1108.0 241.0 153.8 118.0 100 
15 1295.0 288.5 163.4 120.8 100 
20 1420.0 308.5 169.8 123.5 100 
25 1500.0 320.0 173.2 124.7 100 
30 1570.0 332.0 177.0 126.2 100 
Case II. Devetopzp Arma or Freup, 1200 Acres; Hourty pena or Frexp, 1500 Bau.; Darry ALLOWABLE oF FigLp, 
20,000 Bat. 
10 100 | 4.2 | 104.2; 100 | 20.8; 120.8} 100 | 41.6] 141.6) 100 | 63.8 | 163.8) 100 | 83.3 { 183.3 
15 150 | 4.2 | 154.2} 150 | 20.8] 170.8) 150 | 41.6) 191.6] 150 | 63.8 | 213.8) 150 | 83.3 | 233.3 
20 200 | 4.2 | 204.2} 200 | 20.8] 220.8) 200 | 41.6] 241.6) 200 | 63.8 | 263.8} 200 | 83.3 | 283.3 
25 250 | 4.2 | 254.2} 250 | 20.8] 270.8) 250 | 41.6] 291.6) 250 | 63.8 | 313.8] 250 | 83.3 | 333.3 
30 300 | 4.2 | 304.2] 300 | 20.8] 320.8] 300 | 41.6] 341.6] 300 | 63.8 | 363.8] 300 | 83.3 | 383.3 
Daily Allowable Production, Bbl. per Day 
10 104.2 24.1 14.2 10.9 9.2 
15 154.2 34.1 19.2 14.2 11.6 
20 204.2 44.1 24.2 17.6 14.2 
25 254.2 54.1 29.2 20.9 16.6 
30 304.2 64.1 34.2 24.2 19.2 
Daily Allowable per Acre as Percentage of Allowable per Acre for 20-acre Tract 
10 1132 262.0 154.5 118.5 100 
15 1330 294.0 165.5 122.5 100 
20 1440 310.6 170.5 124.0 100 
25 1533 325.5 176.0 126.0 100 
30 1588 334.2 178.4 126.2 100 


Cass III. Davetormp Arua or Frevp, 3000 Acres; Hourty Porentian or Frexp, 12,000 Bsi.; Darby ALLOWABLE OF 
Fretp, 30,000 Bat. 


25 | 43.8 
25 | 53.1 


10 18.8 
15 28.1 
20 37.5 
25 46.9 
30 56.2 


18.8 


56.2 


12.5) 31.3 


12.5] 68.7 


18.8 
28.1 
37.5 
46.9 
56.2 


18.8 
28.1 


25 | 62.5 | 37.5 
25 | 71.9 | 46.9 


25 


81.2 | 56.2 


Daily Allowable Production, Bbl. per Acre 


—_ 


ee 
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TABLE 3.—(Continued) 
se ee a 


Number of 


Acres per 1 D 10 t 
Well 15 20 


Daily 
Allowable 
per Well¢ 

————| P A |P+ Al P A |P+ Al P A |P+A| P A |IP+Al} P A |P+A 
Potential of 

Well, Bbl. 
per Hr. 


Case IV. Dnvetopmp Arza or Finxp, 8000 Acrus; Hourty Porentian or Fret, 10,000 Bat.; Daruy ALLOWABLE OF 
Frevp, 60,000 Bat. 


10 45.0 | 1.9 | 46.9 | 45.0 |-9.3 | 54.3 | 45.0 | 18.5) 63.5 | 45.0 | 27.8 | 72.8 | 45.0 | 37.0 | 82.0 
15 67.5 | 1.9 | 69.4 | 67.5 | 9.3 | 96.8 | 67.5 | 18.5] 86.0 | 67.5 | 27.8 | 95.3 | 67.5 | 37.0 1104.5 
20 90.0 | 1.9 | 91.9 | 90.0 | 9.3 | 99.3 | 90.0 | 18.5/108.5 | 90.0 | 27.8 |117.8 | 90.0 | 37.0 |127.0 
25 112.5 | 1.9 |114.4 |112.5 | 9.3 ]121.8 |112.5 | 18.5}131.0 |112.5 | 27.8 |140.3 |112.5 | 37.0 1149.5 
30 135.0 | 1.9 |136.9 |135.0 | 9.3 |144.3 |135-0 | 18.5]153.5 |135.0 | 27.8 162.8 |135.0 | 37.0 |172.0 
Daily Allowable Production, Bbl. per Acre 
10 46.9 10.9 6.4 4.9 4.1 
15 69.4 15.4 8.6 6.4 5.2 
20 91.9 19.9 10.9 7.8 6.4 
25 114.4 24.4 13.1 9.4 7.5 
30 136.9 28.9 15.4 10.8 8.6 


Daily Allowable per Acre as Percentage of Allowable per Acre per Day for 20-acre Tract 


10 1143 266.0 156.5 119.5 100 
15 1360 296.0 168.5 125.5 100 
20 1435 311.0 170.0 122.0 100 
25 1524 325.5 174.8 125.3 100 
30 1590 336.0 179.0 125.5 100 


Case V. Dxnvetornp Arwa or Freip, 8000 Acres; Hourny PormntiAL or Fieup, 12,000 Bau.; Darry ALLOWABLE OF 
Fratp, 72,000 Bau. 


10 45.0 | 2.3 | 47.3 | 45.0 | 11.3} 56.3 | 45.0 | 22.5) 67.5 | 45.0 | 33.8 | 78.8 | 45.0 | 45.0 | 90.0 
15 67.5 | 2.3 | 69.8 | 67.5 | 11.3] 78.8 | 67.5 | 22.5) 90.0 | 67.5 | 33.8 |101.3 | 67.5 | 45.0 |112.5 
20 90.0 | 2.3 | 92.3 | 90.0 | 11.3]101.3 | 90.0 | 22.5/112.5 | 90.0 | 38.8 |128.8 | 90.0 | 45.0 |135.0 
25 112.5 | 2.3 |114.8 }112.5 | 11.3]/123.8 |112.5 | 22.5/185.0 {112.5 | 33.8 |146.3 |112.5 | 45.0 |157.5 
30 135.0 | 2.3 /137.3 |135.0 | 11.3/146.3 |135.0 | 22.5)157.5 |135.0 | 33.8 |168.8 |135.0 | 45.0 |180.0 
Daily Allowable Production, Bbl. per Hour 
10 47.3 ies 6.8 5.3 4.5 
15 69.8 15.8 9.0 6.7 5.6 
20 92.3 20.3 11.3 8.2 6.8 
25 114.8 24.8 13.5 9.8 7.9 
30 137.3 29.3 15.8 11.3 9.0 


the greater becomes the difference in the allowable per acre, even for 
wells of the same capacity. Smaller differentials will exist as less weight 
is given to potential and more to acreage, as is shown in the “‘cases”’ of 
90 per cent acreage and 10 per cent potential, but even then the one-acre 
tract has an allowable ranging from 175 to 325 per cent per acre in com- 
parison with similar wells on the 20-acre unit. 
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TaBLE 4.—Allocations Based on 90 Per Cent Acreage and 10 Per Cent 


ACREAGE AND POTENTIAL FACTORS IN ALLOCATION 


Potential 
Number of) SCCOS””:C:*C“‘( tt ee ene 
Acres per | 5 10 15 20 
Well 
Daily 
Allowable 
per Welle | p |4 ip+al P | A [Peal P | a [P+ 4l P | areal eee 
Potential of 
Well, Bbl. 
per Hr. 
Casz I. Davetopep Ar#A or Frexp, 600 Acrus; Sey yo Se or Frexp, 800 Bsu.; Damuy ALLOWABLE OF FIELD, 
12, BL. 
10 15 18 | 33 15 90 | 105 | [15 180 | 195 15 270 | 285 15 360 | 375 
15 22.5 18 | 40.5 | 22.5 90 | 112.5} 22.5 | 180 | 202.5) 22.5 270 | 292.5] 22.5 360 | 382.5 
20 30 18 | 48 30 90 | 120 30 180 | 210 30 270 | 300 30 360 | 390 
25 37.5 18 | 55.5 | 37.5 90 | 127.5) 37.5 | 180 | 217.5) 37.5 270 | 307.5) 37.5 360 | 397.5 
30145" | 18] 63" | 45° | 90 | 135" | 45" | 180 | 225° | 45° | 270] 315 | 45 |_360 | 405 
Daily Allowable Production, Bbl. per Acre 
10 33 21 19.5 19 18.75 
15 40.5 22.5 20.25 19.5 19.15 
20 48 24 21 20 19.5 
25 55.5 25.5 21.75 20.5 19.875 
30 63 27 22.5 21.0 20.25 
Daily Allowable per Acre as Percentage of Allowable per Acre for 20-acre Tract 
10 176 112 104 101.3 100 
15 211.4 117.5 105.7 101.8 100 
20 246.1 123 107.7 102.5 100 
25 279.2 128.3 109.4 103.1 100 
30 311.1 133.3 111.1 103.7 100 
Cas II. Dxve.ormp Arza or Frexp, 1200 AcrEs; grr hha or Frexp, 1500 Bax.; DarLy ALLOWABLE OF FIELD, 
A BL. 
19 13.33] 15 | 28.33] 13.33) 75 | 88.33] 13.33) 150 |163.33) 13.33] 225 |238.33] 13.33) 300 |313.33 
15 20 15 | 35 20 75 | 95 20 150 |170 20 225 |245 20 300 |320 
20 26.66} 15 | 41.66] 26.66] 75 |101.66) 26.66) 150 |176.66| 26.66) 225 |251.66) 26.66) 300 |326.66 
25 33.33] 15 | 48.33] 33.33} 75 |108.33] 33.33) 150 |183.33) 33.33] 225 |258.33] 33.33] 300 |333.33 
30 40 15 | 55 40 75 |115 40 150 |190 40 225 |265 40 300 |340 
Daily Allowable Production, Bbl. per Acre 
10 28.33 17.66 16.33 15.88 15.66 
15 35 19 17 16.33 16 
20 41.66 20.33 17.66 16.76 16.33 
25 48.33 21.66 18.33 17.22 16.66 
30 55 23 19 17.66 17 
Allowable per Acre as Percentage of Allowable per Acre for 20-acre Tract 
10 181 113 104 101 100 
15 219 119 106 102 100 
20 255 124 108 102 100 
25 290 130 110 103 100 
30 323 135 111 104 100 
Cass III. Drvetopmp Arma or Fretp, 3000 Acrns>; Hourty Porentia or Frexp, 12,000 Bau.; Darny ALLOWABLE OF 
Frxtp, 30,000 Bat. 
10 16479 16.5 7.5 45 | 52.5 7.5 90 | 97.5 7.5 135 |142.5 7.5 180 |187.5 
15 11.25; 9 20.25) 11.25) 45 | 56.25) 11.25) 90 |101.25) 11.25] 135 |146.25) 11.25] 180 |191.25 
20 15 9 24.25) 15 45 | 60 15 90 |105 15 135 |150 15 180 |195 
25 18.75) 9 27.75} 18.75] 45 | 63.75) 18.75} 90 |108.75] 18.75} 135 |153.75| 18.75] 180 |198.75 
30 22.5] 9 31.5 | 22.5 45 | 67.5 | 22.5 | 90 (112.5 | 22.5 135 1157.5 | 22.5 180 1202.5 
Daily Allowable Production, Bbl. per Acre 
10 16.5 10.5 9.75 9.5 9.37 
15 20.25 11,25 10.13 9.75 9.56 
20 24.25 12 10.5 10 9.75 
25 27.75 12.75 10.88 10.25 9.93 
30 31.5 13.5 11.25 10.5 10.12 
Daily Allowable per Acre as Percentage of Daily Allowable per Acre for 20-acre Tract 
10 176 112 104 101 100 
15 212 118 106 102 100 
20 249 123 108 103 100 
25 279 128 110 103 100 
30 311 133 111 104 100 
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TaBLe 4.—(Continued) 
fa ee ia hie MARRS GiGaS g lialsean colle Goals es 


Acres per 1 5 
Well 10 15 20 
Daily 
Allowable 
per Well 
Potential of 
Well, Bbl. 
per Hr. 


By A |P=- Al P Thy Wes evel He AN WB al) be AW Pi Ay P APS A 


Cass IV. Dsvetopmp Arma or Fretp, 8000 Acrus; Hovurty Pormnttan or Fretp, 10,000 Ba.; Darby ALLOWABLE OF 
Fraxp, 60,000 Bs. 


10 6 6.75] 12.75 6 |33.75| 39.75 6 67.5] 73.5 6 |101.25)107.25 6 135 141, 
15 9 6.75) 15.75 9 |33..75| 42 75 9 67.5) 76.5 9 /101.25/110.25 9 135 144 
20 12 6.75) 18.75} 12 |33.75| 45.75) 12 67.5] 79.5 12 {101.25/113.25) 12 135 147 
25 15 6.75] 21.75} 15 |33.75| 48.75) 15 67.5) 82.5 15 |101.25/116.25]) 15 135 150 
30 18 6.75] 24.75) 18 133.75] 51.75! 18 67.5! 85.5 18 |101.25/119.25| 18 135 153 
Daily Allowable Production, Bbl. per Acre 
10 12.75 7.95 7.35 7.15 7.05 
15 15.75 8.55 7.65 1,30 7.2 
20 18.75 9.15 7.95 7.55 7.35 
25 21.75 9.75 3.25 7.78 1.0 
30 24.75 10.35 8.55 7.95 7.65 
Daily Allowable per Acre as Percentage of Daily Allowable per Acre for 20-acre Tract 
10 181 112 104 101 100 
15 219 119 106 102 100 
20 255 124 108 103 100 
25 290 130 110 103 100 
30 324 135 112 104 100 


Cass V. Dervetorep Arma or Fretp, 8000 Acres; Hourty PoTentiAt or Freup, 12,000 Bsu.; Darmuy ALLOWABLE oF 
Fiexp, 72,000 Bau. 


10 6 8.1) 14.1 6 40.5] 46.5 6 81 87 6 121.5) 127.5 6 162 168 
15 9 fs a WP 9 40.5] 49.5 9 81 90 9 121.5) 130.5 9 162 171 
20 12 $4} 21.2 12 40.5} 52.5 12 81 93 12 121.5] 188.5) 12 162 174 
25 15 8.1 | 23.1 15 40.5] 55.5 15 81 96 15 121.5] 136.5) 15 162 Liz 
30 18 8.1 1 26.1 18 40.5| 58.5 18 81 99 18 121.5] 189.5! 18 162 180 
Daily Allowable Production, Bbl. per Acre 
10 14.1 9.3 Sak 8.5 8.4 
15 ioe 9.9 9 8.7 8.55 
20 20.1 10.5 9.3 8.9 8.7 
25 23.1 It 9.6 9.1 8.85 
30 26.1 a7 9.9 9.3 9 
Daily Allowable per Acre as Percentage of Daily Allowable per Acre for 20-acre Tract 
10 168 111 104 101 100 
15 200 116 105 102 100 
20 231 121 107 102 100 
25 261 125 108.5 103 100 
30 ¢ 290 130 110 103 100 


@ P, allowable due to potential, bbl. per day; A, allowable due to acreage, bbl. per day; P + A, total allowable, bbl. per 
well per day. 


TaBLeE 5.—Relations in Oklahoma City Field 


Total 
- i Name | produc- 
Company nee i cr Pro- tion to settee 
Date b. one Sept. 1, | P& 

oe 1936 
Minnehoma,....| Pugh No. 1 Wilcox 892,854) 357,141 
Oils, Inc....... Ross 4 Wilcox | 1,462,277| 2,924,554 
eden hielo pater Gallman No. 1 Wilcox 867,393} 173,478 
Phallipsas 6 cco <= McBeth No. 1 Wilcox | 1,048,287] 209,657 
Grison<.......-. Turner No. 1 Wilcox | 1,3.5,099} 271,819 
Phillips........ Trail No. 1 Wilcox 995,039 199,007 
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A study of the allowables per acre for 5-acre tracts, in comparison 
with the per acre allowables of a 20-acre tract as the unit, also shows that 
the allowab!'e for the smaller tract is from 133 to 350 per cent higher, 
dependent on the potential of the wells. Even the 10-acre tract has per 
acre allowables up to as much as 180 per cent of those of the 20-acre unit. 
The percentages increase as the potentials go up, and the question may 
well be raised as to whether potential has any place at all in an alloca- 
tion formula. 

Table 5 shows the relation between well potential, acreage, total 
production and barrels per acre for a few small tracts in the Oklahoma 
City field. In these instances, allocation is based on potential alone 
without regard to the number of acres on which the well is located, and 
without regard to any other of the factors that might influence ulti- 
mate recovery. 

The bearing of these results upon the “law of capture’”’ in practical 
oil-field operations is so obvious that it would appear to be part of the 
responsibility of every engineer to impress upon operators, royalty 
owners, legislative bodies and regulatory commissions the injustice of 
allocations based even in part on “‘potential”’ tests. Such inequities may 
- be viciously intensified by excess drilling or too close spacing. 

Until recent years spacing programs have been based chiefly on 
custom and expediency, with a minimum of experimental effort. The 
legal background which in large part served to perpetuate these customs 
originated long before the fundamental engineering principles of oil and 
gas production were known. But the wealth of information available 
today concerning the nature of oil and gas reservoirs, the physical and 
chemical properties of the reservoir fluids, their mutual solubility relations 
as functions of temperature, pressure and concentration, the mechanics of 
the expulsive forces, together with sound concepts of porosity and permea- 
bility, make the analogy between the migration of animals and the move- 
ment of oil and gas both ludicrous and untenable. 

In fields where engineering viewpoints receive sufficient recognition, 
it has been found that periodic measurements of equilibrium relations 
within the reservoirs themselves, when combined with production data 
and reasonably accurate information as to sand thicknesses, properties 
of the reservoir rocks and their fluid contents, furnish ample data for the 
estimation of the quantities of oil and gas present, as of any particular 
date, in almost any portion of the reservoirs. The computations can be 
made with a degree of accuracy which is sufficiently precise to establish 
a basis for equitable allocation of the production to the owners of the oil 
and gas in place. No sound reasons can be vouched for permitting the 
development of small tracts, whether owned by major companies or minor 
ones, in such a way that they will be allowed to produce at per acre rates 
which unquestionably drain oil or gas or both, across property lines. 


Cooperative Development Plan for Buena Vista Hills Oil and 
Gas Field, Kern County, California 


By C. M. Nicxrerson,* Memper A.I.M.E. 
(Los Angeles Meeting, October, 1936) 


THE possibility of deeper production in the Buena Vista Hills was 
first considered in 1933. At that time, however, the heavy state curtail- 
ment program served to deter any operator from drilling test wells, 
which, if successful, might upset the proration schedules. Because most 
of the acreage was held by several major operators and the remainder by 
substantial independents, the adoption of a plan of cooperative develop- 
ment was considered desirable. Such a plan was formulated for the 
development of any deeper oil and gas horizons that may be found to 
exist. This plan, which was signed by the Secretaries of the Navy and 
of the Interior on behalf of the United States on July 9, 1936, is now effec- 
tive for the development of lands within the area shown on Fig. 1. Unlike 
most unit plans, the present cooperative development plan permits each 
operator to drill and produce his own wells. 

For the purpose of this plan the Buena Vista Hills field is divided into 
two pools. The present production is classed as the ‘‘old pool,’ while any 
future production below a certain marker which roughly coincides with 
the bottom of the Santa Margarita formation is included in the ‘‘pool”’ 
to which the provisions particularly apply. 

Naval Petroleum Reserve No. 2 lies within the area and constitutes 
the major portion of the Federal leases subject to the plan. There are 
39,040 acres and 27 operators within the area. Twenty-six operators 
controlling 99.5 per cent of the acreage have signed the agreement. 


GEOLOGY OF THE BuENA VisTA HILLS 


The Buena Vista Hills consist of a low range in the southern portion of 
the San Joaquin Valley, and are roughly parallel to the adjacent Temblor 
range to the south. The Elk Hills oil field parallels the Buena Vista Hills 
a few miles to the north. 

The subsurface structure is a re-entrant anticline upon the major 
Midway-Sunset monocline. This anticline is divided into two minor 


The views expressed herein are the author’s only, and not necessarily those of the 
Navy Department. Manuscript received at the office of the Institute Oct. 13, 1936. 
* Senior Petroleum Engineer, Office of Inspector, Naval Petroleum Reserves in 
California, Taft, Calif. 
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structures, the United anticline in the western half of the field and the 
Honolulu anticline in the eastern half. Production is almost continuous 
over these anticlines. 

The present oil-producing measures are found in the Etchegoin forma- 
tion of Pliocene age, with a dry gas zone of limited extent overlying the 
crests of the United and Honolulu anticlines. The Scalez and sub- 
Mulinia oil zones are the source of the major portion of the oil produced 
in this field at the present time, with some production from the Santa 
Margarita formation on the south flank. 

In the lower half of the Monterey group lenticular oil-sand bodies may 
exist. Geologists estimate that oil measures may exist in the Valvulineria 
robusta zone, middle Miocene age, at a depth of about 7500 ft.; at the base 
of the Temblor formation, lower Miocene age, at a depth of about 9000 
ft.; and at the base of the Vaqueros formation, lower Miocene age, which 
is believed to be nearly 10,000 ft. from the surface at the crest of the 
structure. The Oligocene and Eocene age formations may contain oil and 
gas measures. The depths to these formations may be well below 
10,000 feet. 


ACREAGE WITHIN Burena Vista Hitus FIELD 


There are 39,040 acres of land within the area included in the coopera- 
tive development plan for the Buena Vista Hills oil and gas field (Fig. 1). 
Of this acreage, 24,640 acres, or 63.1 per cent are owned in fee, 10,800 
acres, or 27.7 per cent, are U. 8. Navy fee or leased lands, and 3600 acres, 
or 9.2 per cent, are under lease from the Department of the Interior. 


TABLE 1.—Operators in Area 


Operator Acres ‘sna Operator Acres ihe 

Standard Oil Company of Claude R. Blodgett, Trus- 

California tetas sa. 20;550/'52 64) teeters .eeieeeee unk oa 640} 1.64 
Honolulu Oil Corporation, Midway Basin Oil Com- 

Lit $.3.iss. Salar eda meo 45120|¢ 105.55) pany. eases ele 640) 1.64 
North American Oil Con- The Texas Company..... 580| 1.49 

SOUCALEC racemes © are aren 3,240} 8.30} Maricopa Investment 
Murvale Oil Company....} 1,980) 5.07} Company............. 500} 1.28 
Associated Oil Company...} 1,280} 38.28} Rio Bravo Pioneer Oil 
U.S. Navy (fee)......... 15220).:3.18)) ‘(Companys said oe 400} 1.03 
General Petroleum Corpo- United Oil Company..... 400} 1.03 

PO LION on storchen co ice aeons 920) 2.36; Others, 13 in number...} 1,770) 4.53 
Union Oil Company...... 800} 2.04 


| 39,040/100.00 


Table 1 shows the distribution of this area by operators, excluding 
holdings of less than 1 per cent. This table is based on an ideal section of 
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640 acres each. As the need arises the actual acreage of each signatory 
party will be determined. The cooperative plan provides that as the 
field is developed and the limits of production are determined, owners of 
unproductive acreage will be eliminated from exercising a vote in the 
determination of problems arising in the field. The adoption of any 
uniform drilling or producing practice requires the affirmative vote of the 
operators holding 80 per cent of the acreage within the area. 


SPACING OF WELLS 


Under the cooperative plan of development of the deeper zones in the 
Buena Vista Hills oil field, operating units of 160 acres each, or one- 
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° OLD SPACING 
Fic. 2.—IDEAL SECTION SHOWING SURFACE LOCATIONS FOR THE OLD POOL. 


quarter section, were established. The first wells to be drilled under this 
plan are called ‘‘primary wells,” and are located in the center of each 
quarter section as shown on Fig. 3. The plan contemplates the drilling 
of the primary wells first on each operating unit, which will give 16 mile 
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spacing between the first wells. Such wide spacing in an even pattern 
over the productive portions of the structure automatically eliminates 
unnecessary competition, practically all drainage considerations, and other 
troublesome factors involved in the completion of the early wells in a 
field if located in the corner of the section or lease (Fig. 2). 

After the primary wells are completed on an operating unit of 160 
acres, the “secondary wells” may be drilled. These wells are located due 
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north and south, or due east and west of the primary wells. It is obvious 
from Fig. 3 that the only offset required by the owners of the adjacent 
operating unit will be one secondary well on their own unit, in lieu of the 
three offsets required if a well were completed in the corner of the section 
or lease. ‘ 

After all primary and secondary wells are completed the operator may 
proceed with the drilling of the “tertiary wells,” which are in the four 
corners of the operating unit. 
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These wells are to be located 440 ft. from the quarter-section lines, with 
880 ft. between the wells. Such spacing gives a theoretical drainage area 
of 17.8 acres. The present spacing in the Buena Vista Hills is based on a 
7.8 acres spacing as shown on Fig. 2. If subsequent developments prove 
that closer spacing of wells is necessary, by agreement of the signatory 
parties holding 80 per cent of the acreage, the spacing program may 
be modified. 

The above drilling program and spacing of wells will be found entirely 
satisfactory for operating units that are on the higher portions of the 
structure. It is possible that certain of the operating units are so located 
near the edge of the field that the primary location would not be produc- 
tive of oil if drilled. In that event, the operator may select a secondary 
location to be drilled in lieu of the primary location, providing that the 
operators of 80 per cent of the acreage agree that the primary location is 
outside of the productive limits. In the event that all secondary locations 
on the operating unit are considered unproductive, by the same procedure 
a tertiary location may be selected for the first well. 

The plan also provides that, notwithstanding the requirements of this 
drilling program, an operator may drill any and all wells on the exterior 
boundaries of the pool that may become necessary to prevent drainage of 
his operating unit by operations on lands not subject to the coopera- 
tive plan. 

The drilling program described applies with equal force to each 
zone discovered to be productive within the limits of the pool. If two 
separate and distinct zones are located, each operating unit may 
have 18 wells drilled thereon, unless further agreements are made to 
permit of deepening certain of the first nine wells, or other equitable 
procedure adopted. 

It is quite clearly stated in the cooperative plan itself that nothing 
therein obligates any operator of an operating unit to drill any well or 
wells within the pool. Terms of the several leases and good business 
judgment are considered sufficient to govern the drilling of wells on each 
operating unit to protect the various interests involved. 


UNIFORM PRODUCING PRACTICES 


In order that no operating unit may be disproportionately drained of 
its oil and gas content by operations on adjacent operating units, the 
plan provides that by agreement of operators holding 80 per cent of the 
acreage within the pool uniform producing practices shall be adopted, 
which will be binding upon all of the signatory parties. This section of 
the cooperative plan is intended to prevent one operator from producing 
wells with an excessive gas-oil ratio, or at such a rate that one may recover 
more than his fair share of the oil and gas content lying thereunder. It is 
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also aimed to control the producing methods at each well in order that the 
maximum ultimate recovery may be obtained by each unit. 

To assist all operators in the proper solution of practices or problems 
arising from the operation of the plan, if the operators of 80 per cent of the 
acreage within the pool so request, an engineer or engineering staff may 
be employed to study such problems and report the findings to the opera- 
tors for their information and guidance. The cost of such engineering 
advice and reports will be met by assessment of all operators in proportion 
to their respective oil production from the pool for the month preceding 
that in which such report is rendered. After consideration of the report 
by the operators’ committee, and further discussion by all operators 
concerned, the solution of the problem by vote of the operators of 80 per 
cent of the acreage of the pool shall be binding upon all signatory parties. 

The cooperative plan provides that the vote of operators controlling 
80 per cent of the acreage shall govern all drilling and producing practices 
in the pool, and that the cost of any engineering studies or reports shall 
be defrayed by an assessment on the basis of the previous month’s pro- 
duction rather than on an acreage basis. 


UNITIZATION OF OPERATING UNITS 


The spacing of the wells, and the order of drilling the wells, as shown 
on Fig. 3, was based on the assumption that each 160 acres, or one-quarter 
section, constituted an operating unit under one ownership or manage- 
ment, and also for the reason that by this spacing the fewest number of 
wells fell on property lines, and that the fewest number of subunit plans 
would be required. It was considered that 160 acres was the smallest 
practical operating unit. Over a dozen of the quarter sections of land 
contain divided ownerships (Fig. 1). 

The plan for cooperative development provides that, where the owner- 
ships are divided and before any wells are drilled to the pool, which 
underlies the present productive zones of the ‘‘old pool,’’ each of these 
quarter sections will be unitized. Unit plans for such of the operating 
units as are held in divided ownerships under a Government oil and gas 
lease have been consummated. Where only fee holdings are involved, it 
is understood that unit plans are pending, and will, no doubt, be adopted 
before any deep drilling is undertaken. 

These unit plans for operating units of one-quarter section in area 
have the following common provisions. They provide that one of the 
two parties be the Operator of all line wells drilled on the common prop- 
erty line. The second party is called the Associate. Wells drilled on 
the common property line are called Joint Wells. Where no wells fall 
on the common property line, one company is appointed the Operator to 
drill and produce all of the wells on the unit. With this exception and 
for other than Joint Wells on the common property line, each operator 
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may drill and produce his own wells on the unit. The Operator is 
required to submit an estimate of the cost of drilling the Joint Wells, and 
if this figure is not satisfactory to the Associate, the latter may submit 
an estimate of the drilling cost. If a mutually satisfactory agreement 
as to costs cannot be adopted by the two parties, bids may be received 
from drilling contractors, and a contract awarded. These subunit plans 
contain sufficient provisions to guarantee that the Joint Wells will be 
drilled at a mutually satisfactory cost. After completion of the Joint 
Wells the Operator, for a stated period of time, usually for five years, will 
continue to operate the well. The direct cost of drilling and operation 
of these Joint Wells is prorated between the two parties, plus an allowance 
to the Operator of a definite sum per month to cover superintendence, 
geological and engineering expenses, and other such items ordinarily 
included in ‘‘overhead.”’ After the expiration of the stated period, the 
Associate may take over the operation of the well, and thereafter the 
two parties will alternate in operating the Joint Wells. The drilling and 
production costs of the Joint Wells, and the petroleum products there- 
from, are shared equally by the two parties, if the acreage involved is 
owned equally, otherwise on an acreage basis. For the purpose of com- 
puting the Government oil royalties where they involve the number of 
wells producing on the lease, such Joint Wells located on the common 
property line are counted as one-half a well for each lessee. 

Space does not permit the setting forth of the other details of each 
unit plan. In general, the plans are so drawn that the wells are drilled 
and produced by mutual consent at a cost satisfactory to each party. 
The agreements between the two parties may be changed at any time, 
providing the requirements of the cooperative development plan for the 
field as a whole are not violated. 


PROTECTION AGAINST DRAINAGE BY OuTSIDE INTERESTS 


In any plan for cooperative development of an oil-bearing structure a 
real effort is made to include within the area subject to the plan all possi- 
ble productive pareels of land. Also, all owners of lands within the 
probable productive area are urged to sign the agreement. However, it 
frequently happens that all of the productive acreage is not included 
within the area of the unit plan, or all owners of the productive acreage 
do not deem it advisable to join in the plan. 

When this condition exists, there is always the threat of drainage of 
those operating units within the defined area by operations on adjacent 
lands which are not conducted in accordance with the provisions of the 
cooperative plan. 

To provide for this contingency, there is a provision in the cooperative 
development plan for this field which permits any operator to drill such 
wells as may be necessary at any time and in any place in order to prevent 
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drainage of the operating unit which he controls by operations on lands 
adjacent thereto but not subject to the requirements of the coopera- 
tive plan. 

_ Inasmuch as the operators of over 99 per cent of the acreage within 
the area of the field have adopted the cooperative development plan, this 
contingency is not as alarming as it would first appear. 


MopIFICATION OF PLAN BY CONSENT OF OPERATORS 


As development of the field progresses, it is conceivable that engineer- 
ing practices or economic conditions may warrant changes in the provi- 
sions of the cooperative development plan. Such changes may be 
adopted by the consent of the operators of 80 per cent of the area sub- 
ject to the plan, and when so adopted are binding upon all of the signa- 
tory parties. 


CURTAILMENT OF PRODUCTION 


The cooperative development plan provides for the restrictions of the 
quantity and rate of production of oil, gas and gasoline from lands within 
the area by such method as may be voluntarily assumed by the operators 
of 80 per cent or more of the area. Thus, curtailment of oil production, 
and incidentally of gas, through affirmative action by the opera- 
tors of 80 per cent of the area will become binding upon all of the 
signatory parties. 


ConsENT OF ROYALTY OWNERS 


In any oil field it is common to find that the operators of certain parcels 
of land have supplementary agreements with royalty owners, excepting 
from this group the United States as lessor, which agreements conflict 
with the provisions of the cooperative development plan. In order to 
modify these prior agreements, it was necessary to obtain the consent 
of the royalty owners to the execution of the plan by the operators and 
to agree that the development of the area in the manner set forth in the 
plan shall be considered as full performance of all obligations for develop- 
ment and operation of certain parcels formerly required under the original 
agreement with the royalty owners. These consents of royalty owners 
have been obtained in practically all instances. 

The modification of the original royalty owner agreements, as set forth 
above, eliminates any conflict between lease requirements, royalty owner 
agreements, intracompany desires and needs, and curtailment of pro- 
duction. The several provisions of these various factors are subordinated 
to the cooperative development plan, the workings of which are carried 
out by agreement of the operators of 80 per cent of the area subject to 


the plan. 
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PLAN-AGREEMENT BETWEEN UNITED STATES AND ITs LESSEES 


Approximately 37 per cent of the area subject to the cooperative 
development plan for this field is controlled by the United States. Except 
the 3 per cent of the area owned by the U. 8. Navy and not leased, 34 per 
cent is under lease to various operators. These leases from the Navy 
Department and from the Department of the Interior were granted about 
1922 for a period of 20 years, with certain provisions for renewal for 
successive 10-year periods. 

Statutory authority contained in the Acts of Congress approved 
March 4, 1931, and Aug. 21, 1935, which Acts amended the Oil and Gas 
Leasing Act of Feb. 25, 1920, permitted the Secretaries of the Navy and 
Interior to enter into unit plans involving the cooperative development 
of an oil and gas-bearing structure. 

These Acts permitted the respective Secretaries to modify the drilling 
and producing requirements, the terms, and the royalty provisions of the 
leases heretofore issued under the Act of Feb. 25, 1920. 

After the cooperative development plan for the Buena Vista Hills 
field had been formulated, it was necessary to modify the provisions of 
the existing Federal leases to conform to the requirements of the basis 
plan. Under the plan-agreement all leases from the United States are 
extended for the life of the field, providing that the lands under lease 
continue to be subject to the plan. The royalty scales for oil, gas and 
gasoline produced and sold from the ‘‘old pool”’ remain unchanged. For 
production from the new pool new royalty scales have been adopted, 
which in most cases are somewhat lower than those in effect for the old 
pool for wells below approximately 1700 bbl. per day in size. For larger 
wells the new scale is slightly higher. Space does not permit a detailed 
analysis of the new royalty scales. : 

The agreement between the United States and its lessees provides 
that the Operating Regulations approved July 1, 1926, as amended prior 
to July 1, 1935, shall be effective for these leases in lieu of all other operat- 
ing regulations promulgated by the Government. 

The Secretary of the Department having jurisdiction over the lands 
of the United States is vested with the authority to control the rate of 
development and of production from these lands in order that the Area 
may enjoy its fair and proper share of the allowable production for the 
State of California under any system of voluntary curtailment generally 
recognized by the operators in this field, or by any system authorized 
by law. 

The United States continues to have the right to take its royalties in 
kind whenever it may so elect. 

The lessees of the United States agree to protect the Government 
lands from loss of royalty through drainage within and without the 
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exterior boundaries of the Area by either drilling and producing the 
necessary offset wells, or by paying compensatory royalty in lieu thereof. 

The plan-agreement with the United States provides that if for any 
reason it is terminated with respect to any Government lease the original 
terms and conditions, including rents and royalties, of the lease shall 
become effective. If termination occurs prior to the date of expiration 
of the lease, it shall be renewed as provided in Section 17 of the Act of 
Feb. 25, 1920. If any lands leased from the United States are excluded 
from the pool, as provided for in the cooperative development plan, then 
such lands revert to the status of the lands in the old pool. 

The agreement provides that the United States will not lease or oper- 
ate any lands it may own, except subject to the terms and conditions of 
the plan-agreement. 

Provision is made in the plan-agreement to amplify, change, or modify 
the terms of the agreement with the written consent of the operators 
of 80 per cent of the area of the leases included in the plan-agreement, 
with the written approval of the respective secretaries. 


GOVERNMENTAL APPROVAL 


The cooperative plan of development for this field as finally drafted 
is dated Oct. 1, 1935. The several agreements between the lessees of 
certain operating units of one-quarter section each, where the ownership 
was divided, were executed early in 1936. On April 30, 1936, the Oil and 
Gas Supervisor for the State of California, as required by state law, 
approved the plan-agreement for cooperative development, and deter- 
mined that it was in the interest of the protection of oil and gas from 
unreasonable waste that the plan-agreement be entered into by the signa- 
tory parties thereto. 

On July 6, 1936, the President of the United States consented to the 
execution of the plan-agreement by the Secretary of the Navy. Under 
present laws this consent was required for any lands within the Naval 
Petroleum Reserves. On July 9, 1936, the plan-agreement was executed 
on behalf of the United States by the Secretaries of the Navy and of the 
Interior, thus completing the adoption of the plan by all interested parties. 


Future POoSssIBILITIES UNDER THE COOPERATIVE PLAN 


-The upper sands of the old pool are now well depleted. Sufficient 
data on the gas repressuring and recycling programs being carried on 
there now are available to indicate that these upper sands may be readily 
repressured with dry gas, or used as storage space for volumes of gas 
above market demands. From an engineering point of view an ideal 
situation exists whereby substantial oil production with high gas pressures 
may be obtained from the deeper zones during the summer months of 
increased market demands for oil, while the high-pressure gas, for which 
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there is but a small summer market, after being treated for its gasoline 
content may be stored in the depleted upper oil measures. During the 
winter months, when the gas market is able to absorb larger volumes of 
gas, such stored gas may be withdrawn from the upper zone, treated for 
its gasoline content, and sold to the public utilities. 

' The elimination of unnecessary competition and the fostering of 
cooperative effort by the plan indicate that there is every reason to believe 
that the deeper zones in this field will be developed in the most economical 
manner and that duplication of facilities will be kept to the minimum. 


Review of Developments at Kettleman Hills 


By R. E, Cottom* ann C. P. Warson,f Memper A.I.M.E. 
(Los Angeles Meeting, October, 1936) 


Various chapters already written in the history of development of 
the North Dome of Kettleman Hills are monotonously identical in the 
one underlying theme of conservation of oil and gas. Discovered on 
Oct. 4, 1928, by Milham Exploration Co. with its wildcat Elliot No. 1, 
the field has been subjected to practically every modern form of produc- 
tion restraint in the name of conservation. The record thus far developed 
shows that conservation was had for a time, at a price; and that unitiza- 
tion must be blessed by single ownership or 100 per cent participation 
to be effective. In fact, incomplete unitization places a heavy handicap 
upon its participants in the competitive development that follows. 


SHUT-IN AGREEMENT OF JULY 25, 1929 


Not long after discovery at Kettleman but after the Continental 
Oil Co. and the Standard Oil Co. had completed several producing wells 
in the discovery group, came the so-called Shut-in Agreement negotiated 
at the instance of the Department of the Interior. This agreement 
became effective July 25, 1929. The fundamental purpose of the agree- 
ment was to prevent bringing on production of some 30 wells then being 
drilled and forestall a flood of Kettleman oil on the market. A coopera- 
tive scheme was developed whereby wells in the discovery group would 
continue to produce. Two of them could not be shut in. Drilling wells 
would be completed to a water shutoff in top of Temblor and operations 
suspended. Producing wells would contribute the value of 10 to 25 per 
cent of their production to the owners of suspended qualifying wells. 
The percentage rate of drainage contribution was left to a committee or 
umpire. Some acreage was not placed under the agreement. ‘This same 
acreage later did not come into the Kettleman Unit Agreement. Several 
wells on this acreage did not contribute to the drainage fund. 

The total amount of oil produced during the 17 months of the shut-in 
agreement, by Milham, Continental and Standard from wells in the 
discovery group, was 5,297,262.22 bbl. The total amount paid out in 
“drainage”? contributions was $2,046,048.18, representing sales value 
of 1,266,044.06 bbl. of oil. 

Manuscript received at the office of the Institute Oct. 13, 1936. 

* Vice President, Continental Oil Co., Los Angeles, Calif. 


} Vice President, Seaboard Oil Corporation, Los Angeles, Calif. 
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The shut-in agreement was unquestionably effective. Much oil was 
kept off the market and ‘drainage’? was compensated liberally, princi- 
pally by Milham Exploration Co. and Continental Oil Co. Standard Oil 
Co. had about 50 per cent of the qualifying wells scattered around the 
field, participation of which in the fund about offset the amount paid out 
by Standard Oil Co. from its producing wells. The principal issues of 
that episode were production control and drainage. They continue to 
be the active issues at Kettleman. 


KETTLEMAN UNITIZATION 


Paragraph 3 on page 4 of the agreement of July 25, 1929, reads 
as follows: 


In line with the Government’s policy of oil conservation, to which this agreement 
contributes, the parties interested in the Kettleman Hills field undertake, by the 
appointment of a representative committee or by other means, to consider a plan of 
unit development or other cooperative method of developing this great structure 
with a maximum of production and utilization at a minimum of operating cost; such 
committee to report its progress from time to time to the Secretary of the Interior, 
and when deemed opportune, the Secretary will propose the necessary legislation 
enabling the Government’s participation in the proposed cooperative plan, by author- 
izing both the necessary acreage involved and the substitution of a fixed and definite 
share in the output in lieu of the existing different rates of royalty for primary and 
secondary leases. 


On Feb. 12, 1930, a meeting of the operators of the North Dome of 
Kettleman Hills was called, at which this portion of the shut-in agreement 
of July 25, 1929, was read. The operators then formally appointed a 
committee for the purpose of “‘studying all plans on the orderly develop- 
ment and production operations of the North Dome at Kettleman Hills.” 
This became the Kettleman North Dome Committee, which drew up the 
unit agreement of Kettleman North Dome Association. 

Two general plans were first considered; a unit plan and a ‘‘coopera- 
tive” plan. Opinion rapidly crystallized in favor of a unit plan. 

Kettleman Hills, a long anticlinal structure, lies across the boundary 
line between Fresno and Kings counties on the west side of the San Joaquin 
Valley. About 15 miles long and two miles wide, the field encloses about 
16,500 acres of participating oil and gas lands. Of this acreage approxi- 
mately 50 per cent is unitized. The division of control is as follows: 


Acres Per Cent 

Kettleman North Dome Association.................2.00 8,210 49.7274 
Outside fee acreage, not including Standard fee........... te 540 3.2708 
_Total Standard! Oil feo sec ae skeen otra cre ates op tee en eee 7,760 47 .0018 
Totala ye eae ee tae te a ee 16,510 | 100.0000 
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After 15 months of deliberation, the unit agreement of Kettleman 
North Dome Association was executed as of Jan. 31, 1931. In order to 
give it some semblance of effectiveness as a unitization project, it was 
necessary to work out some cooperative balancing arrangement with 
Standard Oil Company of California. After a delay of several years 
such an arrangement is in effect. At one time also Kettleman North 
Dome Association had under consideration the purchase or acquisition 
of control of acreage in sections 29, 35 and 36. This appeared necessary 
in order to prevent Kettleman being thrown into a competitive develop- 
ment situation. Many obstacles prevented this acquisition. 

The Articles of Incorporation of Kettleman North Dome Association 
set forth the purposes of unitization as follows: 


The purposes of the corporation shall be to provide without profit to the corpora- 
tion for the unified development and production of oil, gas and other hydrocarbons 
from the North Dome of the Kettleman Hills, Fresno and Kings Counties, California, 
under agreement between the Secretary of the Interior of the United States and 
various owners of lands and/or persons operating or having right to develop and 
operate lands for production of oil, gas and other hydrocarbons therefrom within 
said North Dome of the Kettleman Hills, with the aim that ultimately each and every 
member shall have received his just share of products derived or revenues received 
from production and shall likewise have paid his just share of the expenses of winning 
said products and revenues, and to the end that there may be an orderly development 
of said North Dome Field so that there be ultimately recovered the greatest amount of 
oil, gas and other hydrocarbons with the least possible waste of such natural resources; 
to extract natural gasoline from gas produced by the corporation from the unified area, 
either in plants operated by it or under contract with others; to distribute oil, natural 
gasoline, gas and other hydrocarbons produced among its members in kind or on their 
order, and/or at the request of any member to sell any or all of such products for said 
member. 


All major companies in California were interested in seeing some form 
of unitization put into effect in California. Several of them undoubtedly 
mistook production control for unitization. They were anxious to see 
unitization for the other fellow. Some of the smaller interests feared that 
acceptance of unitization would definitely provide an effective throttle 
to be applied to the potential production of this field while other fields in 
the state enjoyed a greater proportionate share of the state’s allowable. 
That this possibility was recognized in other quarters is shown by the 
following quotation from a letter written to Mr. William Reinhardt, 
Chairman of Kettleman North Dome Committee, by Dr. George Otis 
Smith, Director of the U. 8. Geological Survey, on July 8, 1930. The 
occasion for the letter was the passage of unit operation amendments to 
the general Land Leasing Law: 

As unit operation touches upon limitation of production, reference of the matter 


to the Department of Justice was necessary. First of all, there appeared to be little 
in common between our two views of the subject: desire for efficiency, economy, and 
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conservation on the one hand; fear of monopoly, restraint of trade, and a higher price 
for gasoline on the other. 


All of the necessary safeguards were placed in the unit agreement 
so as to prevent monopoly; to insure Kettleman a proper proportion of 
the state’s production; to insure maximum production at minimum cost 
and to divide recovery of products on an acreage basis. 

There was just one thing lacking—part of the acreage was not uni- 
tized. Government, in its anxiety to perfect unitization, forced its 
lessees into a unit plan but failed or was unable to apply the necessary 


State production bbl. per day 
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Puaya DEL Rey, Mt. VIEW AND OTHER CALIFORNIA FIELDS. 


pressure to bring in the fee landowners. In a practical sense therefore 
thereis no unit operation at Kettleman. The North Dome of Kettleman 
Hills is being developed competitively and wastefully in spite of the 
efforts of the Kettleman North Dome Association. Less than 5 per cent 
of the participating acreage of Kettleman Hills has set the pace for 
development and has dictated the internal allocation of oil production. 
For four years since unitization, Kettleman, representing one-third of 
the reserves of the state and one-fifth of the potential, has produced on 
an average of 60,000 bbl. per day (Fig. 1). 


Gas DoMINATION 


It may not be entirely accurate to place all the responsibility for 
setting the pace of production on the nonunitized operators. Kettleman 
is a major source of supply of gas for the utilities. Although the field 
has produced 137,830,931 bbl. of oil to Sept. 1, 1936, some interests still 
conveniently insist that it is a gas field. The rate of gas withdrawal has 


a 
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been an important factor in the manner of producing the field. It would 
be most fortuitous if the pace of production set by demands of the gas 
utilities were proper and efficient. 

Of the state’s production, Kettleman North Dome currently produces 
daily 78,000 bbl. (13.6 per cent) of the oil and 411,653 gal. (25.75 per cent) 
of the natural gasoline. Of the gas delivered to utilities, Kettleman is 
furnishing 200,000 M. cu. ft. daily, or 41.6 per cent. 

In order to appreciate the importance of gas in the Kettleman situa- 
tion it should be borne in mind that a gas cap originally occupied a 
restricted elliptical central portion of the field. From the upper part 
of the Temblor formation within the gas cap, wells produce a 60° gravity 
oil at ratios as high as 100,000 cu. ft. per barrel of oil. From the lower 
part of the Temblor within the gas cap, and annularly outside the gas 
cap, is a so-called black-oil belt with wells that before expansion of the 
gas cap produced oil as low as 35° gravity with gas-oil ratios less than 
1000 cu. ft. per barrel. 

It is apparent therefore that under complete unit operation, and even 
under competitive operation, some considerable variation is possible as 
to the amount of gas produced per barrel of oil. 

A free and open outlet was maintained for gas whereas a severely 
restricted outlet was set upon oil. This condition placed a premium on 
high gas-oil ratios and dissipation of the gas cap. 

The following comments on this situation were made by the Petroleum 
Administrative Board in its report and recommendations relative to 
appeal of Superior Oil Co. and Amerada Petroleum Corporation from 
the general method of intrafield allocations in effect at Kettleman Hills 
North Dome field since May 1, 1934: 

A survey of the record of this case and other official sources of information shows 


that the production of hydrocarbons from the Kettleman Hills North Dome field 
from Oct. 5, 1928, to Dec. 31, 1934, has been as shown in the accompanying table. 


rude Oil, Natural Gas, agi Natural Gasoline, 
oie Barrel | Tptah M Cutie. | Ste | Hotel Gallon 

1928 2,377-84 days | 36,000 est. 15.0 

1929 5,355 114,844 21.4 74,490 
1930 16,946 409,258 24.2 428,531 
1931 48,043 377,947 7.9 465,979 
1932 59,970 270,807 4.5 372,021 
1933 58,840 285,907 4.9 356, 763 
1934 58,253 319,410 5.5 411,113 


eS ES ee 

These figures indicate clearly that the North Dome field is to be noted principally 
for its gas production rather than its oil. The record shows no dispute of the conclu- 
sions of the Advisory Board that ‘‘the money value of the energy stored in the gas is 
worth many times more than the market value of the gas as fuel.” 
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It is to be inferred then that North Dome operators are in agreement on this 
fundamental tenet but it is apparent from the foregoing figures that the gas cost 
of producing oil is either excessive or that the revenues received from the sale of gas 
exceeded its value for the production of oil. Otherwise it would be difficult to justify 
the preponderant production of gas to date from a field with characteristics indicating 
that the most efficient recovery of oil can be obtained only by the complete utilization 
of natural gas as a propulsive and lifting agent. The conservation of oil in fields of the 
North Dome type very definitely depends upon the conservation of the associated gas. * 


Production data quoted above are brought to date as follows: 


Gas-oil * 
Crude Oil, Natural Gas, Ratio, Natural Gasoline, 
BBl. | pe Day Ee 3 paitarhe’ M. Cu Be. Dally Avro: 
1935 75,534 332,712 4.4 422,122 
1936 
Sept. 1 80,612 266,908 3.3 428,522 


Fig. 2 shows the sales of gas from Kettleman Hills from January 1933 
to date as compared with total utilization in the state. 


100 


Total state gas sales / 
50 ZX 4AM 


Daily average, million cubic feet 


Fia. 2.—DaILy AVERAGE DRY GAS SALES, CALIFORNIA. 


Gas sales in Kettleman are divided among various operators approxi- 
mately as shown in Table 1. 


CoMPETITIVE DEVELOPMENT STARTS 


With the termination of the shut-in agreement and start of operations 
under Kettleman North Dome Association, as of April 1, 1931, competi- 
tive development and production of the North Dome got into full swing. 
Until that time the records show the following: 


* Report and Recommendations Petroleum Administrative Board, 11 (March 25, 1985). 
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1. During the year 1930 the elements of competitive development 
were gathering strength through completion of wells by Petroleum Securi- 
ties, Associated Oil Co. and Superior Oil Co., which were not part of the 
so-called shut-in agreement. 

2. In the latter part of 1930, Superior Oil Co., with its Huffman 
was producing almost half the oil coming from the eight wells then pro- 
ducing in the field. It was producing about 9 of the gas. 


TaBLE 1.—Dry Gas Sales, July 1936, Kettleman Hills 


M. Cu. Ft. Per Cent M. Cu. Ft. Per Cent 
FONDA «teal se vcwine ns. 2,556,922° 38.5 | 1,906,229 28.7 
eenaard oe 2,779,075 41.9 | 3,429,768 51.7 
Others ww seker kere, ok feu 1,300,000(Est. ) 19.6 | 1,300,000(Est.) 19.6 
6,635,997 100.0 | 6,635,997 100.0 


* Includes field delivery of 650,693 M. cu. ft. by Kettleman North Dome Associa- 
tion to Standard. 

> Excludes field delivery of 650,693 M. cu. ft. by Kettleman North Dome Associa- 
tion to Standard. 

3. Gas to the amount of 311,073 M. cu. ft. was being blown to the air 
during November, 1930. 

4, Of the 480,000 M. cu. ft. of gas available, only 170,000 M. cu. ft. 
was being utilized. 

5. Of the 170,000 M. cu. ft. utilized, Standard Oil Co. had an outlet 
for 104,000. 

6. Two wells, Milham and Continental, could not be shut in and were 
blowing 125,000 M. cu. ft. daily. 

7. All wells except Superior’s Huffman were producing with high 
gas-oil ratios varying from 25 to 40 M. cu. ft. per barrel of oil. Superior’s 
Huffman gas-oil ratio was about 3 M. cu. ft. per barrel of oil. 

8. Six months before the shut-in agreement was terminated three 
wells, not in the agreement, were producing more than half the oil in the 
field and were not contributing to the drainage fund. 

Waste of Gas.—The California gas law, based upon the premise that 
the blowing of gas to the air is prima facie evidence of waste, and ostensi- 
bly framed to prevent the waste of gas but actually conceived and some- 
times invoked to control the production of oil, was used as the basis of 
an action by the people of the State of California against an oil company 
to prevent waste of gas. Issuance of temporary injunction hinged largely 
upon such factors as optimum gas-oil ratios and the proper or appropriate 
definition of waste. Waste was variously interpreted to be underground 
waste, energy waste, economic waste, or perhaps just physical waste, with 
the result that court, lawyers, engineers and experts were more or less 
perplexed by the confusion into which their own arguments and inventive- 
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ness had brought them. Temporary injunctions, which caused no 
appreciable pause to the competitive forces that were gaining momentum 
during the period that the unit plan was being formulated, were issued. 
The case hung in the court for several years and was finally taken off 
the calendar. 

It is noteworthy that the same group of major companies that so 
strongly advocated unitization and were currently contributing to the 
construction of the unit plan, although finally refusing to place their 
acreage in the plan, were on the side of the state in the gas suits. The 
gas suits failed to effect equitable control of oil production at Kettleman 
At the end of 1930 the field’s production was about 25,000 bbl. of oil per 
day and 480 million cubic feet of gas. By Aug. 1, 1931, the production of 
both Kettleman North Dome Association, Standard Oil Co. and Superior 
Oil Co. was such that some form of curtailment appeared necessary. 


PRODUCTION CURTAILMENT AND PRORATION 


In approaching the subject of production curtailment and proration, 
it should be borne in mind that there was not a single operator in Kettle- 
man Hills that had not participated fully in the discussions and voting 
regarding the various articles and terms of the Kettleman Unit Agree- 
ment. Until the last few days of the 15 months of negotiation it was 
assumed by those most active in cooperation with the Secretary of the 
Interior that the Unit Agreement would be ‘100 per cent effective.” 

In the early stages of discussion of the Unit Agreement several 
operators were strongly in favor of weighting acreage, according to position 
on structure and therefore variation in productivity, for participation. 
This idea was discarded and participation was to be determined on a 
flat acreage basis. Secretary Ray Lyman Wilbur, in his telegram of 
March 19, 1930, stressed the factor of the acreage basis of participation 
as follows: 


I appreciate that the proposed plans are rational because they substitute for the 
expensive and wasteful drilling of offset wells the equitable sharing by the undrilled 
acreage in the production from the area as a whole. 


That was the basis of equitable division of production. In fact, that 
is the present internal basis of distribution in Kenda. The outside 
operators at Kettleman having talked and voted and exerted their best 
efforts to get the unit agreement in such shape as would best handicap 
operators thereunder in any competitive development scheme proceeded 
to operate competitively and refused to accept proration on an acreage 
basis. They insisted that the small operator is inherently entitled to the 
lion’s share; that the most productive acreage is entitled to be weighted 
against lesser productive acreage and that unless any given subdivision 
of acreage is drilled and occupied by a producing well it should not be 
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entitled to consideration in proration. No one should expect that out- 
side operators are bound to conform to the Unit Agreement but the 
conclusions of both Advisory Board and Petroleum Administrative Board 
were that some recognition should be given to the principle of acre- 
age participation. 

The method of proration therefore became the prime matter of 
controversy in Kettleman. It led to extended hearings before the 
so-called Advisory Board during March and April, 1934; appeals of 
the decisions of that Board and subsequent hearings before the Petroleum 
Administrative Board in December 1934. The 705 mimeographed pages 
of transcript taken before the technical Advisory Board and the 52-page 
mimeographed report of the Petroleum Administrative Board contain 
a mass of facts, technical material and considerable misinformation 
regarding Kettleman Hills. 

After all these hearings and labor of engineers, lawyers, and laymen, 
followed by recommendations and formulas for equitable internal alloca- 
tion of production at Kettleman Hills, the same gross inequities making 
for general losses, as to ultimate recovery, to all remain unchanged. 

The history of proration from its beginning down to hearings before 
the ‘Advisory Board appointed by the Central Committee” in 1934, is 
briefly given below by quoting from the testimony of William Reinhardt, 
manager of Kettleman North Dome Association (see pp. 41 to 46, inclu- 
sive, Part I of transcript of said hearings): 


In August, 1931, an allotment of 60,000 barrels per day was made to the field. 
Of this amount the outside companies were allotted 15,000 barrels per day, or 25 per 
cent of the total allotment, and the Standard Oil Company and the Kettleman North 
Dome Association jointly 45,000 barrels a day, or 75 per cent. This allotment, and 
the same basis of distribution, continued to October, 1932, when the field allowable 
was reduced by 10 per cent. The same percentage of distribution, however, con- 
tinued to and including December, 1932. In the months of January to April, 1933, 
inclusive, the field allowable varied from 55,000 barrels a day to 63,000 barrels a day, 
and while there were some variations, the percentage distribution remained sub- 
stantially as in the previous 17 months. 

In May, 1933, the outside companies’ allotment was set at 20 per cent of the total, 
which percentage continued during the months of June, July, and August. 

On the adoption of the Petroleum Code and the formation of the Central Com- 
mittee of California Oil Producers in September, 1933, the allowables were calculated 
on the basis of a formula which was used during that month for the whole state. 
This formula gave the outside companies 17.4 per cent of the total allotment to the 
field. For the month of November, the breakdown was again revised, giving the 
outside companies 20.6 per cent. 

In December, 1933, the Central Committee suggested that again the Field Com- 
mittee get together and attempt to arrive at a more permanent procedure for the 
breakdown. They agreed for the month of December on a schedule which gave 
the outside operators 18.5 per cent of the total. This schedule was continued for the 
month of January, 1934. For the month of February, 1934, the Umpire on his own- 
initiative raised the outside acreage percentage to 20 per cent. 
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Shortly after the Kettleman North Dome Association took over the operation of 
the properties of the member companies in April, 1931, meetings of the various operat- 
ing companies in the field were held to attempt to arrive at a method whereby there 
would be equitable distribution of the allowable in the field. There had been very 
little restraint on production up to this time, except that which was caused by the 
limitations of outlet. 

After a long series of discussions extending up to approximately August Ist, a 
temporary agreement was reached whereby the outside operators would receive 
25 per cent of the field’s allowable and the Standard Oil Company and the Association 
75 per cent jointly. This breakdown was vigorously protested by both the Associa- 
tion and the Standard Oil Company, and was only accepted when they were advised 
in no uncertain terms that the outside operators would agree to no less. The outside 
operators simply stipulated individually what the absolute minimum was that they 
would accept. The accumulation of these minimum stipulations amounted to the 
15,000 barrels a day which was previously mentioned. 

Very little beneficial result was secured from these efforts. While the Association 
and the Standard Oil Company during all this period had adhered strictly to the 
principle that acreage distribution is the only equitable and fair method for this field, 
they offered several compromise plans in the hope of arriving at a method which would 
be acceptable to all, even temporarily, thereby affording some relief under these 
intolerable conditions. These offers of compromise were, however, always refused 
by the outside operators. 

At a meeting held early in December an arbitrary breakdown for the month of 
December was agreed upon. A subcommittee of the Field Committee was then 
appointed to attempt to draw up a plan which would be acceptable. This committee 
also failed to reach an agreement. In January, 1934, at another meeting of the Field 
Committee, another compromise plan was offered by the Standard Oil Company and 
the Association members. This plan also having failed to get the support of the 
outside operators, the matter was referred to the Central Committee for action. The 
Central Committee, hesitating to act on a matter which involved so many opposed 
ideas, passed a motion to appoint a Board of Arbitrators to develop a plan; this 
compromise plan which had been offered providing, among other stipulations, for 
arbitration to take care of controversies which might develop in the functioning of the 
plan. 

This motion named one of the members of the Board of Arbitration in the person 
of George W. Holland of the Geological Survey, stipulating that one member should 
be selected by the Standard Oil Company and Association group and the other by the 
outside operators. The outside operators refused to make a selection or leave the 
matter to this Board of Arbitration. The matter having gone back to the Central 
Committee, your Board was selected.* 

The Kettleman North Dome Association has always maintained and still main- 
tains that the only fair and equitable method for the distribution of the field’s allow- 
able is on an acreage basis. All of the deferment of development in this field has this 
principle as its foundation. The very prosperous conditions which have prevailed in 
this field for the outside operators have only been possible because of the willingness 
of the Standard Oil Company and the Kettleman North Dome Association to defer 
their development operations. 

It has often been said in the course of discussions in Field Committees, and other- 
wise, that this deferment, both on the part of the Standard Oil Company and the 


* This Board was composed of R. P. McLaughlin, W. N. Lacey and Walker S. 
Clute. 
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Association, was purely a matter of selfish interest. There may be something in 
that. I am not at all inclined to believe that any of us are apt to go very far against 
our own selfish interest in the development of our thoughts in matters of this type. 
However, the fact still remains that while that definitely may be charged to certain 
of the larger integrated companies who are involved in this picture, it certainly does 
not apply to many of the smaller operators, particularly those in the Association, and 
also it very definitely does hold that, even if that charge were true of all of the interests 
in the Association, the outside companies have quite definitely profited by this cur- 
tailment and its general effect of holding up the prices of crude in the field. 

As will be shown by others, this deferment has resulted in enormous losses to 
both the Standard Oil Company and the Association, and can only be remedied by 
proper consideration being given to the presently undeveloped acreage of the two 
companies in the distribution of the field’s allowable. 


That drainage and inequitable distribution of production was and is 
taking place is shown by quoting testimony of N. A. Rousselot, of Seaboard 
Oil Corporation and a director of Kettleman North Dome Association, 
before the Advisory Board (pp. 105 and 106; Part I of transcript): 


The allocation of production in Kettleman Hills has been divided among three 
major groups: 

1. The Kettleman North Dome Association, which is a banding together of 14 
companies, has under its control 8060 proven acres (participating). 

2. The Standard Oil Company, 7800 proven acres (participating). 

3. Outside companies, 510 proven acres (participating). 

This makes a total of 16,370 acres. 

The Standard Oil Company and the Kettleman North Dome Association have 
balanced production between themselves on an acreage basis since the inception of 
the Kettleman Hills North Dome Association with very little difficulty. 

To date, that is to March 1, 1934, the Kettleman North Dome Association has 
produced 29,908,416 barrels from 8,060 proven acres (participating), which is 49.2 
per cent proven acres (participating) of the field. 

The Standard Oil Company has produced 23,351,348 barrels from 7,800 proven 
acres (participating), which is 47.7 per cent of the field. 

The outside companies have produced 19,319,340 barrels from 510 proven acres, 
(participating) which is 3.1 of the proven acreage (participating) of the field. 

The Kettleman North Dome Association, on these figures has produced 41.21 per 
cent of the field production from.49.2 per cent of the proven acreage (participating). 

The Standard Oil Company has produced 32.17 per cent from 47.7 per cent of 
proven acreage (participating). 

The outside companies have produced 26.62 per cent from 3.1 per cent of the 
proven acreage (participating). 

Just to illustrate what this means to one of the companies, the Milham Exploration 
Company, the discovery company of the field, which brought the field on to produc- 
tion in October of 1928, this company has 1710 proven acres (participating) within 
the field and they have received, both from the discovery well before the formation 
of the unit plan and the allocations allowed them by the Kettleman North Dome 
Association, the total of their production to March 1, 1934, has been 6,927,625 barrels. 
Whereas the Superior Oil Company, who has 160 proven acres, (participating) 
has produced 7,042,333 barrels being only 0.97 per cent of the field’s proven 


acreage (participating). 
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The basis of allocation on Sept. 1, 1936, for a field allowable of 77,250 barrels was: 


i 


Per Cent of | Per Cent of 


Barrels Allowable Acreage 
Kettleman North Dome Association.......... 34,410 44.6 49.7274 
Standard: Oil Companyreere eee trate 32,447 42.0 47.0018 
Unions OiljCompaniyz seen seein 4,000 5.2 
Superior Oili Company se yok er ie eee 4,000 5.2 13.4 3.2708 
Others:5 aes ae Re toe is tentoeete 2,393 3.0 
77,250 100. 100. 


DRAINAGE Foct 


These continued and extreme inequities in allocation of production 
coupled with the fact that Kettleman North Dome Association in dis- 
tributing its allowables for maximum protection against drainage from 
outsiders in section 29 has set up some severe low-pressure areas charac- 
terized as drainage foci. In this connection the following is quoted from 
the report of Petroleum Administrative Board of March 25, 1935: 


Individual well production records disclose some remarkable wells in the North 
Dome field. As of January 1, 1935, 31 wells had produced more than one million 
barrels of oil each with a total production of 68,048,917 barrels for the group. Out- 
standing among these wells is Huffman 1 of the Superior Oil Company which had 
produced approximately 5,798,505 barrels to January 1, 1935, and which undoubtedly 
will rank eventually as one of the most productive wells of the United States. The oil 
already produced by this well would fill to a depth of 38 feet a tank covering the 
entire 20 acres on which the well is located. 

While it is probable that there are many fields where drainage areas show pressure 
gradients of greater magnitude than exist in the North Dome field, still the exhibits 
show conclusively that there are at least two notable drainage foci in that field. 
Drainage gradients to these foci and pressure differentials surrounding them are of 
such magnitude as to be very conducive to the migration of hydrocarbons toward 
those foci. One of the principal points of argument has to do with which properties 
should be the sites of the drainage foci. 

It is impossible in theory and in fact to avoid a real drainage foci in continuously 
produced competitive fields but it is possible to reduce observed existing gradients by 
producing less in the area of lowest pressure and more in the peripheral areas of higher 
pressure, or by shutting the entire area in for a sufficient time to re-equalize sub- 
surface pressures over a wide area, during which time migration of fluids to the low 
pressure center will of course continue. It is probably possible to develop a con- 
centric low pressure ring around a given area but in a competitive area close to edge- 
water an attempt to isolate one low pressure center by a still lower pressure belt 
around it would probably be both hazardous and inexpedient. 

In the North Dome field it seems not improbable that the drainage gradients owe 
their genesis to the discovery wells of the focal areas and that present gradients though 
of wider range, may not be as great as in the past when production was even more 
concentrated than at present. Nor is it unlikely that drainage losses suffered by some 
properties in the past were much greater than those occurring now. 
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To make pressure gradients more equitable at this time and under present condi- 
tions would be a most difficult undertaking. It is not at all unlikely that if the North 
Dome field were unit owned and operated there might be low pressure foci just as sig- 
nificant as those now present. However, drainage to other properties and operators 
would not result. 

The problem of preventing avoidable physical waste and of serving the public 
interest through the conservation of the petroleum resources in the field, in the Board’s 
opinion, cannot be met solely through the promulgation of an allocation method or 
formula, because the solution of the problem involves, also, the adequate and syste- 
matic development and production of the field. If the field quota and its distribution 
within the field is maintained at its present level under present conditions, the factors 
which are conducive to waste will so continue and if the field quota were to be increased 
and the increase applied to existing wells, it appears that the conditions of production 
would be even more conductive to physical waste. 

The situation in the Kettleman North Dome is complicated further by the exist- 
ence of a ‘‘gas cap” area from which natural gas, accompanied by some production of 
“white” oil, is withdrawn in part for the purpose of furnishing a natural gas supply 
transported through pipe line to the San Francisco Bay and Los Angeles Basin regions 
where it is utilized for domestic, industrial, and commercial fuel purposes. Although 
it is recognized commonly that equity should be maintained between volumetric 
withdrawals of free gas and oil from a field, the Board feels that the excessive with- 
drawal of gas from the ‘‘gas cap”’ area or the production of oil with an excessive gas/oil 
ratio would result in a waste of reservoir energy and, in some instances, an irregular 
encroachment of water. The Board also is of the opinion that the excessive with- 
drawal of gas from any structure, even though the gas may move through pipe lines 
for purposes of serving fuel needs, is wasteful in its relationship to energy required for 
maximum oil recovery equally as much as if such excessive gas production were blown 
into the air. 


How KerrrteEMAN SHOULD Have Bren DEVELOPED AND PRODUCED 


Quoting again from the report of the Petroleum Administrative Board 
comes a suggestion as to how Kettleman should have been developed and 
produced, assuming by now that it is admitted that the subject of this 
paper is at least a pertinent question: 


Had the field been developed strictly on a unit basis with the wells located scientif- 
ically around the fringe of the field in the “‘black oil” belt to take full advantage of the 
gas pressure down-structure from the ‘‘gas cap” and of the water moving up-structure 
from the edge, Appellants, owning property in the central portion of the field in 
Section 29-J would have initially been allocated few wells and little oil. 


The prescription of development quoted above is probably as accurate 
as the requirements of Kettleman’s present situation warrant. 

For some further suggestion of the formulas or concepts under which 
Kettleman should have been operated the following is quoted from an 
article written by J. Arthur Sohn: 

Two of the most interesting recent developments in Oklahoma exemplify the 


striking contrast between the wasteful methods of other days and the modern coopera- 
tive system. In the heart of the old Osage nation, in the peaceful, rolling pasture 
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land of northern Oklahoma, the South Burbank Pool is the scene of the most advanced 
unit operation ever attempted in the State. 

No better example of the diversity in producing and operating methods utilized 
at the same time was ever manifest. In the early development of the Mansion field, 
as the new extension at Oklahoma City is called, gas was popped off into the air before 
facilities were available to handle it. At South Burbank, all of the available gas 
produced is returned to the sand by means of input wells to lift another load of oil in 
an endless cycle. Such is the difference in the use of nature’s greatest gift to the 
operator—the natural energy generated by the pressure of the reservoir. 

The purpose of the unitization was to gain the advantages of a single operator, 
thereby eliminating competitive drilling and duplication of equipment and super- 
vision and to carry out a pressure maintenance program. 

Only a dry hole can stop an oil field—it is probably still true. But a little coopera- 
tion can make it last longer, yield more and cost less. They far outweigh any tem- 
porary advantage. Gradually, from contrasting experiences like Oklahoma City and 
South Burbank, the industry is coming to realize that. * 


At Kettleman competitive drilling is not eliminated. Oil is being left 
in the ground. Gas is being withdrawn not in the manner best adapted 
to recover maximum quantity of hydrocarbons but in the manner that 
will maintain a saturated outlet to the gas utilities. There is no pressure- 
maintenance program. 

The foregoing gives the background of attempts at conservation and 
the tempo of development and producing operations that are responsible 
for the condition in which the North Dome of Kettleman Hills now finds 
itself. As accurately and briefly as the authors can state it, the following 
is the condition. 


PropucinG ZONES 


The Temblor oil horizon at Kettleman Hills consists of hard sand- 
stone, which is locally divided into many beds by thin layers of shale. 
The participating area of the field has been determined as 16,510 acres. 
For convenience of reference in the field and from an operating point of 
view the Temblor horizon has been divided into five zones as follows: 
First zone, 300 ft. thick; Second zone, 275 ft. Third zone, 175 ft. Fourth 
zone, 210 ft. Fifth zone, 345 to 425 ft. A sixth zone has made some 
production, which for the purpose of this discussion we may omit. 

Subject to certain reservations, it can in general be said that the 
upper four zones inside the minus 5800-ft. subsea contour produce light 
60° A.P.I. oil, together with a large gas-oil ratio varying from 20,000 to 
100,000. ‘This area is generally referred to as the ‘‘gas-cap area.” 

The area outside of the gas cap is known as the “‘black-oil zone.” 
Black oil of 33° to 37° A.P.I. is produced from the Second, Third, Fourth 


* J. A. Sohn: Oil Weekly (Sept. 21, 1936), reprinted from The Lamp. 
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and Fifth zones in the black-oil area. The gas-oil ratio in the black-oil 
area varies from 500 to 5000 but averages about 1500. 


PReEssurRE LossEs 


Volumetric withdrawals, assuming that 1000 cu. ft. of gas at the 
surface occupies the same space in the formation as a barrel of oil, from 
date of discovery to April 1, 1936, totaled 936,218,755 bbl., of which 
125,168,499 bbl. represented oil and 811,050,256 bbl. represented gas. 
It is important to bear in mind that 86.6 per cent of the total volumetric 
withdrawals have been in the form of gas and only 13.4 per cent produced 
as oil with a gas-oil ratio higher than six to one. 

Reservoir pressure is diminishing at an alarming rate. In the active 
producing areas losses during the two-year period ended in April 1936 
vary from }4 lb. per day in the Felix area to 114 lb. per day in the Huff- 
man area. 

On the basis of production at Kettleman Hills to April 1, 1936, there 
has been a decline of 1 Ib. for each 41,000 bbl. of oil produced in the 
Huffman area and a decline of 1 lb. for each 23,500 bbl. of oil produced 
in the Felix area. 

On March 28, 1935, the conclusions of the Petroleum Administrative 
Board with reference to the method of making intrafield allocations were 
embodied in an order of the Petroleum Administrator. The Board 
concluded that as a result of its consideration of evidence submitted 
subsurface pressure contours should be employed in the calculation of 
well allotments in a manner that would provide for the establishment of 
more uniform pressure gradients throughout the field. In its recom- 
mendations the Board attempted to establish a basis of volumetric 
withdrawals whereby volumes in the “‘gas-cap”’ area and in the ‘“‘black 
oil”? were balanced. Also incorporated in its recommendation was the 
requirement for determining the relative productivity of wells. By 
relative productivity was meant the comparative ability of a well to 
withdraw oil from the producing formations without causing excessive 
pressure gradients or other conditions conducive to waste. 

Testimony presented before the Advisory Committee in Los Angeles 
by Kettleman Hills operators 214 years ago emphasized the importance 
of maintaining uniform pressures. Extended hearings before the Petro- 
leum Administration Board in December 1934 further emphasized the 
necessity of conserving the gas energy. 


DECLINE IN PRESSURE BY AREAS 


_ The areas shown on the map of Kettleman Hills (Fig. 3) have come to 
be regarded as areas having certain distinct operating and producing char- 
acteristics. The Huffman and Felix areas have been competitive areas 
where the rate of deyelopment was established by operators whose lands 
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were not included in the Unit Plan 
Agreement. The remaining four 
areas have been designated as the 
Intermediate, Discovery, Central 
and Balance of field on the south 
end. In Tables 2 and 3 areshown 
number of wells, area, pressures 
and volumetric withdrawals for 
each subdivision as of April 1, 1936. 

The average bottom-hole pres- 
sure loss for the entire field has 
been 33.4 per cent. In arriving 
at this percentage loss, the south 
portion or area designated on Fig. 
3 as “balance of the field”? and 
representing 26 per cent of the 
entire area, is shown with original 
pressures still available. When 
it is found that 74 per cent of the 
entire field has suffered a loss in 
pressure of 33.4 per cent against a 
recovery of 125,000,000 bbl. of 
oil, there is occasion for serious 
concern. There is even more 
cause for alarm when facts are 
available to show that 55 per cent 
of the field has suffered a pres- 
sure loss of approximately 50 per 
cent with oil recovery of only 122 
million barrels. If it is assumed 
that the 55 per cent of the field 
embraced within the Discovery, 
Felix, Intermediate and Huffman 
areas has already produced one- 
fourth of its ultimate production, 
accompanied by an actual pres- 
sure loss of 50 per cent, it is of 
more than academic interest to 
speculate on the cost of recover- 
ing the remaining reserves. Per- 
haps we are justified in borrowing 
an expression from the mining 
industry and refer to the past as 
“‘a high grading method.” 
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PRESSURE MAINTENANCE EssENTIAL TO PROFITABLE PRODUCTION 


Pressure losses have been largely due to excessive gas withdrawals 
which result in the production of five to six volumes of gas per volume 
of oil. Some 20 high-ratio wells have contributed more to the depletion 
of reservoir energy than all the other wells in the field. Shutting in such 


TABLE 2.—Production Data 


Production 


cht: ecernee 
umber Static 
of Wells peed sores Bottom-hole 


Barrels Oil M. Cu. Ft.Gas} Pressure 


84 | Huffman 3,830 63,730,963 | 151,397,050 1,250 
22 | Intermediate 2,380 15,590,824 | 109,928,911 1,400 
29 | Felix 1,070 31,048,591 | 179,547,219 1,480 
13 | Discovery 1,690 10,959,110 | 353,794,898 1,490 
7 | Central 3,220 3,411,419 | 14,803,259 2,000 
6 | Balance 4,320 427,592 1,578,919 2,800 


161 16,510 | 125,168,499 | 811,050,256 


2 Bottom hole pressures are all on the basis of a datum plane 7000 ft. below sea 
level and after 24-hr. shut-in. 


TaBLE 3.—Pressure Loss by Areas 


Assumed a 


Area Acres Original April 1, 1936+ 


Pressure, Lb. Pressure, Lb. 


Lb. Per Cent 


ELA aI) Arete: ores e « Seo ehe ons 3,830 2,800 1,250 55 
Imtermediate. ... 5.22.02. 2,380 2,800 1,400 50 
JOD ace one GOES RCE ee 1,070 2,800 1,480 47 
DISCOVELV erat ee ae| | 1,690 2,800 1,490 46.8 
Genvralemett: Genter. cae a} o;220 2,800 2,000 28 


alae OAS tani, oie e-ohatsl bonne 4,320 2,800 2,800 


16,510 2,800 1,863 33 .4 


@ All pressure data are on the basis of a datum plane 7000 ft. below sea level and 
after 24-hr. shut-in. 


wells would do more good than shutting in all of the low-ratio wells. 
There is little doubt that the ultimate recovery from a field will be 
increased if the reservoir energy is utilized uniformly and evenly over the 
entire field. Low-pressure sinks allow premature water intrusion. 

A recent survey of producing operations in the field shows 40 wells on 
gas-lift and 29 wells making a water cut of 10 per cent or more. This 
must be regarded as an impressive warning of the problems to be faced 
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in a field where, because of the depth of the wells, every precaution 
reasonably possible should have been exerted towards maintaining 
flowing conditions. There is justifiable cause for alarm when 69 wells 
out of a total of 183, on Sept. 1, show such effects. 

Prospects of pumping oil from depths of 8000 to 9000 ft. are distinctly 
unfavorable, both physically and economically. Figures on the cost of 
pumping oil from the Clarke zone at Santa Fe Springs show a net fluid 
cost varying from 87¢ to $1.77 per barrel. Various types of pumping 
equipment are being tried at the present time in the Kettleman Hills 
field, but thus far results have not been encouraging. 

It is still possible to retard pressure losses, as production can be 
secured from wells with gas-oil ratios of 1000 ft. or less. If it is assumed 
that approximately 370 lb. is the minimum flowing pressure at which 
wells will continue to flow, we can expect an area covering approximately 
2500 acres at the north end of the field to reach the critical point within 
the near future. 

In the absence of a uniform water encroachment and a definite lag 
in the rate of encroachment, pressure maintenance becomes a matter of 
vital importance. 


EFFECTS OF PRESSURE REDUCTION 


Evidence has become available to show that edge water is not.encroach- 
ing fast enough to maintain pressure. This reduction in pressure is not 
confined solely to the competitive areas but is spreading to wells 3 to 
6 miles from production. 

Loss of reservoir pressure affects ultimate recovery of oil in two 
ways—by removing the energy necessary to move the oil to the bottom 
of the well and by increasing the resistance of the flow through increase 
in viscosity and surface tension. 

Gas production at Kettleman Hills can be materially reduced. We 
have heard much of the correlative rights of property owners in a common 
pool and there is to be found no more direct application of this doctrine 
than in the correlative rights to the reservoir energy. Thus it should be 
possible to promote the most efficient and economical recovery of the 
maximum volume of oil and to prevent the waste of this energy through 
premature gas withdrawals made for the sole purpose of converting that 
gas into immediate cash realization. At Kettleman Hills, gas production 
and gas-oil ratios are optional with operators, the great majority of whom 
are seriously concerned with the alarming loss of pressure. 

It is believed that ample engineering data are available to show that 
present production methods are wasteful and injurious to the field; 
that pressure is diminishing at an alarming rate; that water encroachment 
is not fast enough to maintain pressure and that if present practices are 
continued the ultimate recovery from the field will be less than half of 
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what it would be if unnecessary gas production were deferred until after 
the oil had been produced. | 


CONCLUSIONS 


The authors desire to emphasize the following facts and considerations: 

1. Subsurface pressure is dropping at an alarming rate. 

2. Pressure maintenance is essential to facilitate the flow of oil 
to wells. 

3. Loss of pressure not only affects the motive force but results in 
increased viscosity and resistance to flow. 

4. Pressure loss is largely due to excessive gas production. 

5. Low ratios are attainable. 

6. Pressure maintenance will result in higher recovery of oil. 

Some operators at Kettleman submitted to unitization unwillingly 
or at least with considerable misgiving. It certainly has been no dis- 
advantage to the so-called outsiders. Unless a field is subject 100 per 
cent to a unified policy of !evelopment and production there is no unit 
operation. At best it is : ‘‘cooperative operation”? with loose ends 
varying in importance frcm -light annoyance to complete domination. 

Unfortunately, these concitions have resulted from factors beyond 
the control of the Associaticn and its Board of Directors. These evils 
have been continued in spite of repeated protests on the part of directors 
and members who have endeavcred to support the original purposes of 
the Unit Plan. 

Practically, the authors believe that unit operation is not the complete 
answer to proper oil-field development and production. So much has 
been said about the ‘‘rule of capture” that no attempt will be made here 
to discuss it in detail. Let it suffice to say that the ‘“‘rule of capture”’ 
is not alaw. It is, as expressed by a legal friend, a shield rather than a 
sword. Unfortunately, it is used as the shield of greed; the antithesis of 
cooperative effort. When it is finally recognized that the energy of a pool 
as well as its valuable contents are the common property of all and that 
no single individual may so use his property as to injure his neighbor, 
then, perhaps, relief may be found in the courts for such a situation as 
we have herein shown to exist. 


DISCUSSION 


(R. P. McLaughlin presiding) 


A. H. Brtt,* Los Angeles, Calif.—I think Mr. Watson has been ultraconservative 
in assuming 2800 lb. as the original pressure. The pressure on the casing of the 
Marland well before it blew out was 2350 lb., and undoubtedly the reservoir pressure 
was greater than 450 lb. more than the surface pressure. And, because of the high 
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pressures recorded at the surface of North Belridge, and in the face of the similiarity 
of the two structures, I think that estimates of 3200 lb. are more correct for Kettleman 
Hills. If that is true, Mr. Watson’s figures would be magnified just that much more. 
The situation would be more serious than he has claimed. 


J. Jensen, * Los Angeles, Calif.—I can agree with most parts of this paper. The 
Associated Oil Co. recognized the importance and value of saving gas. In the field 
where it and the Shell Company were able to do so, it began in 1930 to follow out just 
that kind of a practice. Its production of oil has been at a gas-oil ratio at times as 
low as 2600 cu. ft. of gas per barrel of oil. At no time was the gas production very 
great. Our ratios now are down even lower than this. There is no doubt about the 
value of conserving gas and making use of it. The illustration of the effect of loss of 
pressure I like to harp on, as Mr. McLaughlin says, is the Associated well, which 
came in with 13,950 bbl. of oil per day. I do not think we got more than 50,000 bbl. 
of oil out of that well because of the taking away of the gas. That well lost its power 
to produce because of the diminishing of gas pressure. 

What Mr. Watson says is very true about the law of capture in the production 
of oil at Kettleman Hills. Some of the operators, themselves, were entirely unable 
to control their lessors. I know the Associated people made a very strong appeal, 
but with no result. Associated Oil Company believes very much in producing oil 
at a low ratio, and during the proceedings at Kettleman Hills made the proposal that 
oil should be produced throughout the state at a low ratio. 


G. V. D. Marx,t{ San Francisco, Calif.—I heartily agree with many of the state- 
ments, but there are one or two questions I should like to ask Mr. Watson. ‘Toward 
the end of the paper the authors state that the pressure loss is largely due to excessive 
gas production, while in the earlier part of the paper they refer to the expansion of 
the gas cap. Jam curious as to how these two statements can be reconciled. If the 
gas cap is expanding it seems to me it must be expanding into areas of lower pressure 
than exist in the gas cap. 

There was a figure given—I think 50 per cent—of the estimated production that 
would be lost because of the practices followed. Is it possible that there is sufficient 
gas reserve at Kettleman to form an extra cushion over the amount necessary to drive 
oil to wells and produce it from them? Incidentally, what is Mr. Watson’s idea of 
the original formation gas-oil ratio as compared to the producing ratio to date? I 
believe his figure for the latter was eight to one. Is this greater or less than the 
original formation gas-oil ratio? 

And one slight correction I should like to make: Mr. Watson said that until the 
last few days before the Association was consummated those men intimately con- 
nected with the work understood that the participation was going to be 100 per cent. 
I believe that that is not quite true—at least so far as the Standard Oil Co. is concerned. 
Some six or seven months before the organization was formed those most intimately 
connected with the Association knew that the Standard Oil Co. would not become a 
member of the Association but would cooperate with the Association. 


C. P. Watson.—I am merely calling attention to the conditions that are based 
on accumulative engineering data. The pressures have gone down in the field. We 
assume that we have taken out one-fifth of the oil. We have been wasteful of the 
energy. Ido not know the amount of formation gas that is with the oil. We should 
be glad to have any information on that. There is very definite evidence that the 
methods of producing the oil and gas are wasteful. The expansion of the gas cap is 
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especially noticeable. If you take the volume withdrawals you get some idea of the 
space that the gas is occupying in the reservoir, and you will see that the gas taken 
out has occupied a much greater space than the total volume of oil. I think the 
conditions now certainly point to the necessity of careful production at low gas- 
oil ratios. 

As to the statement ‘‘Until the last few days of . . . negotiation it was assumed 
. . . that the Unit Agreement would be 100 per cent effective,” I wish to point out 
that reference is made specifically to the Unit Agreement and it was known all along, 
by all parties, that the Standard Oil Co., as to its 9500 acres of fee lands, was not 
intended to be a party to that particular agreement. The reference is to those 
companies that did not sign the agreement although their names appear in Article 
XIII of the final printed draft of the Unit Agreement. 


G. V. D. Marx.—From a previous study that I made of the trend of pressure 
decline, particularly in the north end of the field, there has been recently a very 
noticeable flattening of the rate of pressure decline. In other words, the low-pressure 
area has so spread that the entire area is going down much more gradually, and I do 
not think the situation is quite as bad as indicated by Mr. Watson. 


J. M. Lovresoy,* New York, N. Y.—Would Mr. Marx develop a little further his 
theories in connection with the expansion of the gas cap? As I understood his com- 
ment, it was to the effect that as long as there is a low-pressure point with a lower 
pressure than that existing in the gas cap there is no danger if we take gas from the 
gas cap. If that is not correct, I would like to have him correct me. There is some- 
thing in that; it is perhaps that we would tend to offset the drainage into the low- 
pressure area by taking gas from the gas cap and lowering pressure there. What would 
pressures be in the whole field when the pressure in the gas cap was brought down to 
the pressure in the competitive area? 


G. V. D. Marx.—I really was not propounding a theory of my own, I was asking 
for information from Mr. Watson, but what I had in the back of my mind was this: 
In watching the history of the production at Kettleman there is no doubt that the 
withdrawal of oil and gas from certain down-structure points is taking place more 
rapidly than the edge water is able to come in and maintain the pressure, resulting 
in some advance in low-pressure areas. Although there was a tremendous amount 
of gas taken out of the so-called gas cap, the amount was insufficient to offset the 
down-structure withdrawals, and there has been a progressive movement down- 
structure of the interface, which once may have been around minus 6000 ft., or there- 
abouts (but probably never a single interface); but in any event the whole gas face 
has moved down structure despite the fact that there has been a large amount of 
gas taken out up structure. 

What the effect of continued withdrawals might be, I do not know; but I was 
wondering and speculating, if the rate of gas withdrawal was no greater than the 
formation gas-oil ratio that existed originally, is current production or production in 
the future being robbed of any energy it should have to produce the oil? I do not 
know the answer to this question. I have sometimes thought, and have heard it 
argued, that the ideal way to produce a field that has a gas cap is not to maintain 
the gas cap intact but to attempt to maintain the gas-oil interface at its original posi- 
tion. Iam inclined to believe that there is at least a question that might be argued 
on both sides without respect to any particular field, because whenever we get involved 
in an argument on any particular field other things enter in and cloud the issue. 
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S. C. Hrrotp,* Glendale Calif.—I feel that the authors are somewhat pessimistic. 
I believe I am more optimistic than they are with respect to the situation at Kettle- 
man Hills. The abnormal decline in pressure that has been marked in the competitive 
areas does not alarm me excessively. Mr. Marx has now informed us that the curve 
of pressure decline is flattening out. May I add that it is going to flatten out more 
in the future. I donot know when. There will be a time when the curve of decline 
must become almost flat. That is to say, continued production will take place with- 
out further decline in pressure until the day when water arrives at the wells, and then 
we shall have just so many barrels of water instead of oil. Of course, this replace- 
ment of water for oil will take place gradually at the wells located up structure. 

Where there are reservoirs of oil and gas, with great quantities of gas, there must 
necessarily be bubbles of gas throughout the mass of oil in the formations of the reser- 
voir. This gas in the initial states of production must expand and gives what we call 
gusher production. During this period the gas actually does work in forcing the oil 
to the bottom of the well. But the day must arrive, as a matter of fact it did arrive 
for the original Milham well about nine months after the initial production, when the 
work by gas expansion ceased, the water on the edge of the pool started to move and 
the gas thereafter only expanded to accommodate itself to a decreased pressure in 
the vicinity of the well. It did no further work in forcing the oil to the bottom 
of the hole. 

Gas increases in its space occupancy, as we know, when pressure declines. That 
means simply that more pores in the formation are filled with gas after the expansion 
than there were before. In any event these pores filled with gas still maintain globules 
of oil between them in the channels that connect the pores, and these globules resist 
the pressure of the reservoir. They check the movement of the oil and water toward 
the well; the water on the edge is unable to keep up the pressure at the bottom of the 
hole, and consequently there is an abnormal decline of pressure immediately surround- 
ing the well. 

The increase in bubbles has been taking place in the Kettleman reservoir ever 
since its discovery. It seems to me that we are about due for a change in the situa- 
tion, so that the number of bubbles will become constant in the vicinity of the wells 
now existing, and as soon as this happens the pressure must continue about on an 
even basis for further production. 

There are many things that I should like to mention with respect to the Kettle- 
man reservoir and others that are somewhat similar, time is short now. Ideas result- 
ing from recent studies may be right or wrong. It would be well for us to attempt a 
selection of events and conditions within a reservoir that may be correct and worthy 
of our consideration in the future development of the field and in the further manipula- 
tion of the wells. 


* Consulting Engineer. 
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Chapter IV. Petroleum Economics 


Status and Outlook of Petroleum—Supply, Demand and 
Stocks 


By Frep Van Covern* 
(New York Meeting, February, 1937) 

Brrore getting into a discussion of the subject of my paper, I want 
first to make it clear to everyone that I am speaking as an individual; 
and that any expressions of opinion that are contained herein, or may 
be expressed in any oral discussion that may follow its presentation, are 
entirely my own, and must not be construed to be the official opinion 
of the American Petroleum Institute. 


Demanp For Motor Fue, 1936 


During the year just closed the domestic demand for gasoline exceeded 
481 million barrels. This compares with 434,810,000 bbl. consumed 
during 1935 and indicates an increase of 10.46 per cent. Export ship- 
ments amounted to 27,831,000 bbl. while in 1935 they totaled 30,613,000 
bbl. Total demand, therefore, was 509,422,000 bbl., or 9.16 per cent 
above the 465,423,000 bbl. of 1935. 

Following are the figures for several years: 


Year Domestic ies Export Total 

1932 377,791,000 35,438,000 413,229,000 
1933 380,494,000 29,321,000 409,815,000 
1934 410,339,000 24,686,000 435,025,000 
1935 434,810,000 30,613,000 465,423,000 
1936 481,591,000 27,831,000 509,422,000 


Already we are supplying gasoline domestically and as foreign ship- 
ments at a rate almost 25 per cent greater than our low level of 1933. 
Before giving figures for 1937, I should like to spend a moment or 
two in discussion of gasoline inventories, from the point of view of mini- 
mum working stocks and other requirements and of probable actual levels. 


INVENTORIES OF GASOLINE 


The year 1936 closed with about 62,900,000 bbl. of finished and unfin- 
ished gasoline in storage—about 6 million barrels more than was.on hand 
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at the end of 1935. On March 31, 1936, we had in storage 74,485,000 bbl. 
What will be on hand on March 31, 1937, and how much do we actually 
need in storage as of that date? In this connection a tabulation that 
recently was made contains much of interest (Table 1). 

We all recall the work done by the Planning and Coordination Com- 
mittee during the code period, in an effort to ascertain how much gasoline 
the industry actually needed in order conveniently and economically 
to carry on its business. Starting with that as a base and attempting 
to bring the figures up to date, we find the estimated required working 
stocks of motor fuel (finished and unfinished gasoline) as of the dates 


indicated in Table 1. 


TaBLe 1.—Estimate of Required Working Stocks of Motor Fuel 
Barrels of 42 gallons. 


September 30 


1935 1936 1937 
Capacity of gasoline-motor fuel tankage 
whereyer,located.. aiuu dee cei Bee ciee 106,546,000} 108,000,000} 110,000,000 
TVanksbottomis. sc sc ait iste cacti mecieratee 7,253,000} 7,400,000) 7,500,000 
Refineries: 
Unavailable unblended finished........... 8,416,000} 9,400,000; 10,100,000 
Unavailable unfinished.................. 4,361,000} 4,700,000} 5,000,000 
In lines and operating equipment......... 671,000 700,000 700,000 
Special light tops (refrigerated storage, etc.) 600,000 600,000 600,000 
Filter-house naphtha not in solution....... 400,000 450,000 500,000 
Pipe lines: 
Line-fill, operating reserves and as tenders. 2,049,000} 2,100,000) 2,100,000 
Amount in transit throughout systems... .. 604,000 600,000 600,000 
In marine transit from California and Gulf 
Coast: 
Allowancetor tanker fillies teen cue ee 2,553,000} 2,900,000} 3,300,000 
Terminals: 
Protection of points supplied by tankers... 4,428,000} 4,500,000) 4,600,000 
Frozen (icebound) and other irreducible 
SOGSON AI 5. ons Aaiacueys suds sine ee ee mE ae 5,265,000} 5,750,000} 6,200,000 
Undis tributed stiarcie</athue otto eect eter: 400,000 400,000 400,000 
Total fixed’ Unavailable, .v:... 21 ee tee 37,000,000) 39,500,000) 41,600,000 
Shippin gs pOCksey a..ne.e Ate reer ieee 13,000,000) 14,200,000) 15,400,000 
Total Working Stocks Required.......... 50,000,000; 53,700,000} 57,000,000 


From the foregoing it will be seen that the total fixed unavailable 


gasoline required to operate refineries, terminals and transportation facil- 
ities, while at the same time assuring sufficient supplies, and before navi- 
gable waters become frozen over, at terminal and bulk points which 
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cannot be reached by water transport during the winter, is something 
over 41 million barrels. In other words, we need that much gasoline to 
keep our refineries, transportation and supply systems operating. That 
does not, however, provide any gasoline for shipment to consumers. It 
represents only bare working levels. 


TABLE 2.—Suggested Method for Calculating Required Inventories on Any 
Given Date with Certain Tie-posts Known* 


the D Refinery Gasoline 
ae Paces Tadles Production, Bbl. 
for Finished ah Change Monthly 
and Unfinished Oper- Ptocin Inventory 
Gasoline Aton Levels 
Should Be as Daily Monthly 
Follows® 
1936 
Si OUR UR Aah an Oe aed meres 53,700,000 
Ochoberyncse.t ose eke. 46,000,000 |100.0) 1,456,000) 45,140,000}; — -860,000} 52,840,000 
INovermberyisccme finest s bls 41,800,000 | 95.0} 1,383,000) 41,490,000} — 310,000] 52,530,000 
December sacs kA Nees 39,500,000 | 95.0) 1,383,000) 42,870,000} + 3,370,000} 55,900,000 
1937 
TE TPET AS ae pete cane 36,200,000 | 95.0) 1,383,000) 42,870,000} + 6,670,000} 62,570,000 
Mebrnuary espace ste kes 32,900,000 | 97.5) 1,420,000} 39,760,000} + 6,860,000} 69,430,000 
IVE ECE se eas Alscgs ee) one 40,000,000 | 97.5) 1,420,000} 44,020,000} + 4,020,000} 73,450,000 
236,400,000 256,150,000} +19,750,000 
Aprile, We are ee Ghee ome 42,900,000 {100.0} 1,456,000] 43,680,000} + 780,000] 74,230,000 
INES AS ayaa as a lore > Bika cies eee 47,300,000 |100.0} 1,456,000} 45,140,000) — 2,160,000} 72,070,000 
ONATNG Seeneen er tcte Seine tee) = shone 48,700,000 |105.0} 1,529,000) 45,860,000} — 2,840,000] 69,230,000 
Daly. je RAL ase el ks 51,500,000 |105.0} 1,529,000} 47,300,000; — 4,200,000] 65,030,000 
BANA SUS bret casuecad hares tae; susteds sates > 51,900,000 |105.0] 1,529,000} 47,300,000] — 4,600,000} 60,430,000 
September). on... cose. 49,300,000 |105.0) 1,529,000) 45,870,000} — 3,430,000) 57,000,000 
275,150,000} —16,450,000 
528,000,000 
Plus 3,300,000 added to stocks 3,300,000 
531,300,000 531,300,000 


Oy 

2 Calculation based upon following assumptions: (1) that 53,700,000 bbl. of finished and unfinished 
gasoline would have been sufficient inventory as of Sept. 30, 1936; (2) that 57,000,000 bbl. will be suffi- 
cient as of Sept. 30, 1937; (3) that the demand upon refiners for finished and unfinished gasoline during 
the year ended Sept. 30, 1937 will be approximately 528,000,000 bbl.; (4) that if the above indicated 
figure of inventories had been realized on Sept. 30, 1936, and if the Sept. 30, 1937, figure is to be realized, 
it would have been necessary for refiners to have contemplated a production of 531,300,000 bbl. during 
the 12 months period. (On an even-keel operating basis, this would have called for the production of 
1,456,000 bbl. of this gasoline daily during the year, but the industry does not, as a unit, operate on an 
even-keel basis.) Assumption (5) that a 10 to 15 per cent fluctuation in the rate of manufacture is 


not excessive. 
b’ Must not be compared with total demand for motor fuel. 


September 30 generally represents, for the country as a whole, the date 
upon which seasonal stocks are at their minimum, but refiners must have, 
even as of that date, sufficient gasoline above fixed unavailable to insure 
prompt fulfillment of the then current orders. A credit should be allowed 
on this basis. For Sept. 30, 1937, that figure has been placed in the table 
at 15,400,000 bbl. This gives a total working stock requirement on the 
date mentioned of 57 million barrels and infers the added responsibility 
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that at no time during 1937 high-consuming season, ending perhaps on 
Sept. 30, can stocks of finished and unfinished gasoline go below that 
figure if the industry is to operate economically and conveniently. 

The next question is: How much does the industry need at the begin- 
ning of the next high-consuming season, say, on March 31, 1937? Table 2 
presents a method of approximate calculation of that figure as well as a 
seasonal range of the inventory requirements of the entire industry. 


PRoBABLE INVENTORIES, Marcu 31, 1937 


As was indicated earlier, 1936 ended with a finished and unfinished 
gasoline inventory of 62,900,000 bbl. On Jan. 31, 1937, it was estimated 
that 69,200,000 bbl. was in storage; and on Feb. 6 a possible 70,500,000. 
If the industry continues to run crude oil to stills during the period from 
the latter date to March 31, at the rate established during the four weeks 
ended Feb. 6, about 3 million barrels per day, we may see a 78 to 80 mil- 
lion-barrel level. 

The question arises then as to whether 78 to 80 million barrels actually 
in storage at the end of the winter, in relation to a possible indicated 
requirement of about 73/4 million, taken in conjunction with an expected 
increase in demand for motor fuel of over 8 per cent, and perhaps 290 
million barrels of crude oil in storage above ground, is any greater threat 
to stability than the 7414 million barrels of gasoline in storage on 
March 31, 1936 in relation to a possible minimum requirement at that 
time of 70 million and 315 million barrels of crude inventory; proration of 
crude-oil production assumed as being equal. 


TaBLE 3.—Days Supply of Motor Fuel March 31, 1936, Actual vs. March 31, 
1937, Probable 
Barrels of 42 Gallons 


1936 1937 
Probable total requirements (including fixed unavailable 
shipping stocks and seasonal requirements)............ 70,000,000 | 73,500,000 
Actualor estimated actual... 20.y..7 005. vee ee 74,485,000 | 80,000,000 
Minimum working requirements (fixed unavailable, ship- 
ping stocks and irreducible seasonals)................. 53,700,000 | 57,000,000 
Actual or estimated available for shipment.............. 20,785,000 | 23,000,000 
Actual or anticipated actual daily shipment following sum- 
mer season (April—September)....................20- 1,480,000 1,590,000 
Days supply on hand available for shipping.............. 14.0 14.5 


It would, of course, be difficult to defend the position that 78 to 80 mil- 
lion barrels would not contain a surplus. However, it would appear that 
relatively it would contain very little more or less than last year’s 7414 
million barrels. But it is a fact, I believe, that last year’s summer season 
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did show the effects of whatever surplus may have existed. The industry, 
therefore, should closely watch its runs to stills in relation to the actual 
demand for distillate fuel and required gasoline inventories, during the 
remainder of the winter, so that the burden it will carry into the summer 
season in the form of surplus gasoline may be kept as low as possible. 


DEMAND FoR Motor Fugn, 1937 


For the year 1937 I had intended laying on the table an estimate of 
domestic demand of 520 million barrels and an export shipment of not 
less than 29 million; or a total demand of 549 million barrels. These 
figures would show an increase in domestic demand of 8.27 per cent and 
in total demand of 8.06 per cent, both on a daily average basis. Since 
arriving at these totals, I have at times become somewhat alarmed at the 
potentialities involved in certain recent industrial disturbances, and other 
occurrences, but at the moment prefer to leave the year’s total unchanged. 

Also since having made them up, we have had an opportunity through 
preliminary estimates to have observed the actual demand for the month 
of January 1937. It appears from these early figures that, owing to the 
very fine weather during that month, demand was perhaps 2 million bar- 
rels or more greater than could normally have been expected. 

While cutting down the demand for heating oils, weather conditions 
have abnormally increased gasoline consumption, in that way holding 
gasoline inventories down correspondingly. I believe the two trends of 
demand will coincide a little later in the year but perhaps not before it 
has caused a revision in the year’s domestic total to 522 million barrels. 

While the calculation in Table 2 is based upon a maximum fluctuation 
in refinery output of 10 per cent, recent trends of seasonal operation have 
shown a tendency to level off. This is probably being brought about 
because of the current relationship between fuel oil and gasoline demand 
and may be the beginning of a definite change from previously established 
seasonal trends of runs to stills. It would appear, however, that more 
even-keel operation of refineries, while desirable from the angle of its 
effect upon crude-oil production requirements, would tend to build up 
gasoline inventories during the winter to higher levels, necessitating con- 
siderably larger than usual withdrawals during the months in which 
consumption is high. 


CRUDE-OIL INVENTORIES 


On May 31, 1922, there were 289,069,000 bbl. of crude oil in storage. 
During the following years these stocks rose and fell but mainly continued 
upward until on Oct. 31, 1929, we found 433,500,000 bbl. accumulated. 
This was our industry’s all-time peak. On Dec. 31, 1936, these stocks 
were down to about 288,200,000 and on Jan. 23 were at 285,500,000 bbl., 
or right back again at the level that existed early in 1922. _ 
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Table 4 lists these stocks by fields of origin on Dec. 31, 1929, Dec. 31, 


1935, and Dec. 31, 1936. 


TaBLe 4.—Stocks of Crude Oil by Fields of Origin 


Dec. 31, 1929 | Dec. 31, 1935 | Dec. 31, 1936 

Pennsylvaniaierade wna arena ae 7,168,000 4,599,000} 4,324,000 
Other Appalachian (incl. Kentucky)......... 1,793,000 897,000 1,015,000 
Lima-Northeast Indiana-Michigan.......... 806,000 1,295,000 1,032,000 
Illinois-Southwest Indiana................. 10,631,000 | 10,968,000) 9,676,000 
North Louisiana and Arkansas..............| 26,753,000 9,676,000} 10,922,000 
West Texas and Southeast New Mexico..... 58,172,000 | 29,509,000) 28,606,000 
Hast» Lexis so chiens cesmeas aoe, star aid ese @ 21,589,000; 20,674,000 
Oklahoma-Kansas-North Texas, etc........ ./216,044,000 | 132,884,000) 116,653,000 
Gulf! Coaster. snc sve tetsrociee tie cae otecueete cre 27,684,000 | 26,368,000) 25,243,000 
Roeky Mountam sess h cess omcrite atte sitet 26,017,000 | 27,251,000) 26,147,000 
Galifornisignss seasta <2 Soe eee setae cata 41,094,000°| 35,545,000! 30,936,000 
Roreignt sae Sy. cise watrae ett ati eee ae 6,085,000 3,745,000; 2,117,000 
Lease (producers) stocks................... 6,198,000 | 10,529,000} 10,839,000 
Total United States see sree creel ce area 428,445,000 | 314,855,000} 288,184,000 


@ Included with Oklahoma, Kansas, North Texas, ete. prior to August 1933. 
> Includes lease (producers) stocks prior to January 1933. 


These inventories must be pretty closely approaching working levels. 
No information is yet available as a result of the effort being made by the 
U. S. Bureau of Mines to determine required inventories. 
opinion, however, that 250 million barrels represents about the minimum 
level to which this inventory should go, but I am inclined to believe that 


this might possibly result in uneconomic operation. 
already are some companies that are short of crude stocks. 


existing surplus must be in the hands of relatively few units. 

I think that 275 million barrels properly and equitably distributed by 
grades, location and companies would more nearly represent economically 
desirable levels and permit convenient and proper operation. 
this requirement is, however, will not become known until the Bureau 


has finished its survey. 


Furet O1n 


It is my 


No doubt, there 
Any actually 


Just what 


Contemplation of the demand for crude oil and refined products during 


1937 has developed many interesting angles. 


One is inclined to wonder 


whether the industry has not already progressed well into another stage 


of its development. 


Not so very long ago, refiners were mainly interested 


in the production and sale of kerosene, with gasoline a very undesirable 
by-product. The internal-combustion gasoline engine changed all that 
and with its growth a necessarily large production of fuel oil found a 
market, but in competition with coal. Advances in the art of refining, 
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the advent of the home-heating oil burner and the rapidly increasing 
demand for distillate fuels are again greatly changing the picture. This 
is seemingly forcing the light fuel oil portion of the barrel of crude into 
the principal-product class, making gasoline share this distinction with 
it, in perhaps a new phase in the industry’s advance. Heavy fuel oil is 
perhaps being pushed farther and farther into the background than ever. 

In further explanation of the point I have in mind, let me say that I 
look upon the supplying of the demand for motor fuel as the direct respon- 
sibility of the American petroleum industry, and that it should meet the 
demand for that product in all its potentialities. I believe further that 
it has a responsibility in connection with the complete potential market 
for distillate fuel oils. For both of these fuels, and for lubricants and 
kerosene and the lesser products, I look at their respective potential mar- 
kets as a demand upon the industry for products of its raw material. In 
regard to residual fuel oil, I am inclined to use the word “‘sales”’ instead of 
“‘demand.”’ In other words, I believe that the interests of the American 
producer and refiner of high-grade American gasoline-bearing crude are 
best served by treating the production of residual fuel oil strictly as a 
by-product incident to the balancing of supply and demand of gasoline 
and distillate fuel oil—and that only as much domestic residual fuel oil 
should be available for sale, in relation to the total potential market for 
that product, as is incidentally produced in supplying the demand for 
gasoline, distillate fuel oils, lubricants, kerosene and the less important 
products. I believe it reasonable, then, to think that in a balanced pic- 
ture observed from the point of view of the American producer and refiner 
of crude oil and of the public, if the growing essential market for residual 
fuel oil is to be supplied, and cannot be supplied in balance with gasoline 
and distillates, imports of fuel oil must be increased or the domestic 
industry must find itself in an almost constant state of instability in 
attempting to supply that oil—further, that American refiners should 
concentrate on the manufacture of the now principal products and base 
their runs to stills upon the demand therefor in relation to desirable inven- 
tories thereof, if the American industry is to remain in a stable condition. 

Perhaps it need not be brought out here, but the distinction, attained 
by distillate fuel forcing gasoline to share with it the principal-product 
class, brings added responsibility—the responsibility in the case in point 
being the necessity of sharing a greater part of the cost of the raw material 
and contributing a greater proportion than now of the total income of 
the industry. 

You recall what occurred in the gasoline-distillate fuel-oil situation 
during the 1935-1936 winter season, when the large demand for home- 
heating fuels, definitely out of relationship with the demand for gasoline 
motor fuel, and the basic yields of these two products, caused the piling 
up in storage of unnecessarily large amounts of gasoline. It was feared, 
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earlier in this winter, that this might happen again this year, but while 
refiners seemingly kept up runs to stills in anticipation of continued high 
gasoline consumption and a big season in home-heating oils, the weather 
in areas in which this type of heating is more generally concentrated has 
been extremely mild in comparison. The figures in Table 5 indicate the 
sales and number of burners operating. 


TaBLe 5.—Number of Domestic Oil Burners 


Sales during ea are at 

Year End of Year 

TORD ee, eee San eee eee 126,400 665,100 
1931. ABR re Ae SE hy, Moe ae, ce ne tenn eee 104,000 760,800 
19323 258 tess a ee Bee ee Pe eh eee 86,200 843,200 
1933. deers ptausn Gres oct Bro acre cence 4b De re 89,300 920,300 
CY ETE ay re ere NE ee 110,100 1,014,100 
EE amen ia le Bad er Baers gh Giep cme 156,700 1,154,700 
1936 (estimated) eee ce eee ae eee 220,000 1,352,000 


The demand for home-heating oils, other distillate fuel and gas oil i is 
shown in Table 6. 


TasBuLE 6.—Demand for Heating Oil and Distillate Fuel 
Figures in Barrels of 42 Gallons 


Home-heating Oil Other Gas Oil and emer Total Gas Oil and 
Demand Fuel Demand Distillate Fuel Demand 
: Per Cent Per Cent Per C 
Barrels Change Barrels Change Barrels Cohant 
1932 32,814,000 33,287,000 65,101,000 


1933 35,190,000 | + 7.24 | 29,558,000 | —11.20 | 64,748,000 | — 0.96 
1934 40,472,000 | +15.01 | 34,352,000 | +16.22 | 74,824,000 | +15.56 
1935 49,903,000 | +23.30 | 36,647,000 | + 6.68 | 86,550,000 | +15.67 
1936 60,178,000 | +20.59 | 43,387,000 | +18.39 | 103,565,000 | +19.66 


@ Portion of figure for total demand for heating oil published by the U. 8. Bureau of 
Mines, estimated on the basis of average number of domestic burners in use. Bureau 
of Mines’ heating-oil figures for 1936 not yet available. 


By selected districts east of California we find the inventories of dis- 
tillate fuels given in Table 7. 

The combined effect of the relatively warmer weather in the more 
important domestic oil-burner regions this year compared with last, and 
the continued high rate of crude oil run to stills, is making itself felt in 
these inventories as well as in motor fuel. The problem seems to be how 
to produce more distillate fuel and less gasoline of required octane rating. 
One way might be to expand our gasoline re-forming facilities, but this 
at a considerable expense. Another way might entail a further advance 
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in the viscosity-breaking of the present production of residual fuel oil in 
order to supply larger quantities of distillate fuel. While not definitely 
noticeable in the statistics of the industry, these trends no doubt are now 
developing and will develop further as the mechanical problems and the 
economics of the supply and demand of gasoline and distillate fuel work 


toward a solution. 


TaBLEe 7.—Inventories of Distillate Fuels 
Barrels of 42 Gallons 


es Tin Bawse. 
Date Kast Coast | Texas Gulf Loaeate Tllinois- 

Le Kentucky 
ae yg Ce a a 4,181,000 | 3,638,000 | 1,617,000 | 1,716,000 
cord eg hoy eae ce, ah i 2,888,000 | 3,113,000 | 1,378,000 | 1,148,000 
ePoo se, Wise bribo) cis) 2,214,000 | 2,453,000 | 762,000 | 907,000 
March 31.........................| 2,679,000 | 2,366,000 | 829,000 | 1,075,000 
Meee tO36 eo 4,433,000 | 3,376,000 | 1,024,000 | 2,508,000 
Jan. 31, 1937*.....................] 4,099,000 | 3,128,000 | 864,000 | 2,168,000 
HED OOS (oo ae eee na eT ake 4,047,000 | 3,091,000 837,000 | 2,118,000 


4 Hstimated. 


Contrary to the trend in distillate fuels, we find here what might be 
called a tightening situation. Again we find high-grade American gaso- 
line-bearing crude, a balanced domestic industry and imports all bound 


together in a very interesting, though involved, relationship. 


TABLE 8.—Residual Fuel-oil Inventories 
Barrels of 42 Gallons 


East Coast | Texas Gulf Dip ara Pela 
Gear o el GOO eee cree fe sas ase 6 ote oer n= 4,282,000 | 7,537,000 | 2,592,000 | 3,270,000 
enti, SP PEGS Oar, fe en cade ote lee Alene 3,857,000 | 6,256,000 | 2,265,000 | 3,198,000 
EUS ye Oe ets Oc Ny Phe, ak ce RR ed ae 3,921,000 | 5,845,000 | 1,712,000 | 2,785,000 
IMSS Gall 2 7 BON nt ie a eee. eg ene 4,274,000 | 4,857,000 | 1,303,000 | 2,702,000 
DECMO le lOSO stim ae Sastre «5 5,046,000 | 4,380,000 998,000 | 2,452,000 
Tiare, Bil, MOBVIC® sa, come ca come cape eo mle UN 4,834,000 | 1,074,000 | 2,361,000 
eno mlLOS (2. Ge tr = re earn oe hd 4,024,000 | 4,683,000 | 1,020,000 | 2,334,000 


« Hstimated. 


1937 CrupE REQUIREMENTS 


As was indicated earlier, my figures now show an expected total 
demand for motor fuel during 1937 of 549 million barrels. I think 
11,000,000 may be supplied from benzol and natural gasoline moy- 


ing direct. 
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Natural gasoline may be blended at refineries on an average of about 
6.7 per cent and the average yield of gasoline from crude oil on the basis 
explained in my paper of a year ago (Oil Weekly, Feb. 24, 1936) may be 
44.2 per cent. 


EstIMATES FoR 1937 


BARRELS 

Runs torstille. 28. - cs ckeciice ccs sseleo ole oe oer ten eae 1,123,000,000 
Exports... i's Base a ee ats) Set tebe eels erode dea 52,000,000 
Used as such and transferred to fuel oil in California... . 44,000,000 
LM Ports ees se Seater ete ect ece na eaten eaten 30,000,000 
Total demand for domestic: 

LQ gis (230) l i eer ae er eae Meee BENG c concA misc nits of: 1,189,000,000 

Daily average: ws sccc.c dives be ee ee eee 3,260,000 


How much of the above can be withdrawn from storage is, as we said 
earlier, a question difficult to answer. Those in the industry concerned 
with such problems need no more important piece of information than 
the results of the Bureau of Mines’ study of crude-oil requirements. 

Much was written during 1936 in calling attention to the creation of 
new highs in crude-oil production. Not many writers, however, went to 
the trouble to determine whether or not crude oil or product inventories 
were being adversely affected thereby. True, we did have some surplus 
gasoline inventory but the point is raised here that 1937 will again see 
some new crude-oil producing highs as the consuming season develops, but 
that fact, of itself, will not necessarily mean that the oil is not needed or 
that the situation is getting out of control. 


Chronological Aspects of American Oil-reserve Replenishment, 
with a Note on the Contemporary Situation 


By H. J. Wasson,* MempBer A.I.M.E. 
(New York Meeting, February, 1937) 


PUBLISHED literature regarding the nation’s oil reserve has been 
largely concerned with the estimated quantities in sight in known produc- 
ing fields. This proved reserve has never been large in relation to 
demand. It has been the practice to consider the total future reserve 
(beyond that in sight within known fields) in the light of the broad 
potentialities of vast areas of partially explored sedimentary rocks, which 
are regarded as possible oil territory. Until recently, but little attention 
has been given to the rate at which the unexplored potentialities may be 
converted into the proved reserve classification. 

To a certain extent, therefore, our contemporary viewpoint on the 
subject of national oil reserves is characterized by a pronounced contradic- 
tion. On the one hand, we measure known reserves as sufficient for 
only a few years of consumption—i.e., relative scarcity; on the other 
hand, we are confident that millions of unexplored acres will yield many 
new oil fields and that countless deeper productive formations underlie 
many of our known productive fields—i.e., infinite abundance. 

Of greater significance than the quantitative measure of either of 
these reserve classifications is the rate at which reserve replenishment 
must be accomplished in order to maintain an adequate time supply 
of proved oil reserves. 

The accumulation of geological data covering broad areas supports 
the belief that the remaining undiscovered oil reserve is exceedingly large. 
The distribution of oil in sedimentary formations of practically all ages, 
from Cambrian to Recent, is suggestive of almost unlimited possibilities; 
and the relatively small proportion of these possible areas that has been 
intensively explored in this country is a further index of the probable 
magnitude of the undiscovered future reserve. 

The implication that may reasonably be drawn from these observa- 
tions is that oil, though distributed with less regularity and concentration 
than its related hydrocarbon, coal, nevertheless is a relatively abundant 
natural commodity of which the exhaustion appears remote. Final 
exhaustion of our oil reserve, if not infinitely remote, is a future contin- 
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gency so far removed as to be of small practical concern at this time, at 
least in the author’s opinion. Accordingly, the first premise of this 
discussion is that oil itself is relatively not scarce—that the American oil 
reserve, most of which is probably undiscovered, is a quantity sufficient 
to supply the nation’s needs for a period of several decades. 

The commonly used term ‘‘scarcity” has a significant meaning, but 
it is more closely related to frequency of discovery than to volume of oil 
reserve itself. Thus we might denote a period of infrequent or subnormal 
oil discoveries as being one of temporary scarcity. But such usage 
should not necessarily imply a threatened contraction of the ultimate 
reserve of the country. 

In respect to the known proved reserves, a much more precise unit 
of economic measurement than degree of scarcity is at hand; that is, 
“time supply in terms of years’ demand.’ Obviously, it is of prime 
importance from a great number of considerations that proved oil 
resources be adequate for the nation’s needs; and it is equally important, 
from the oil industry’s viewpoint at least, to recognize and measure any 
excesses of potential reserve that might adversely affect market values of 
its products. 

Frequent references have been made to estimates of the nation’s 
oil reserve in terms of years’ supply. The practical value of such esti- 
mates has suffered from the fact that they have been related to widely 
spaced reference dates whereas the problem of oil-reserve measurement 
logically lends itself to much closer chronological analysis. Furthermore, 
some confusion has existed in the underlying definitions of the reserve 
factors entering into the various calculations. 

The general concept used in classifying mineral ore reserves—‘“‘ proved, 
probable and possible’”’—is not applicable to oil, the history of which has 
been associated with a much higher new discovery rate than has been 
true of the minerals. Thus the “possible” oil reserve, even though not 
localized, is a thing that observation and experience teaches us will develop 
into proved reserves at rates more or less in relation to necessity and the 
consequent intensity of search. This generality must inevitably lose 
significance as the prospective but unexplored area becomes appreciably 
restricted. However, the accumulated evidence of exploration indicates 
that oil scarcity in this final sense is still a remote relationship of only 
theoretical importance. at. present. For all practical purposes we may 
accept the premise that our future oil reserve is a much more predictable 
quantity than the “possible” ore reserves of the metals. 

The terms “proved” and ‘‘probable,” as used to differentiate ore 
reserves, have less distinctive meanings when used to classify oil reserves, 
because of the association of oil with certain controlling geological 
environments or structures. These limiting features are measurable in 
some degree and generally afford good indications-of. volumetric: oil con- 
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tent once the characteristics of the oil reservoir have been determined. 
Strictly speaking, a proved oil reserve might be regarded as only the oil 
certain to be recovered from existing wells. Such definition, though 
influencing some of the early thought on the subject, is considered a very 
defective measure for employment in weighing the broader economic 
considerations. Recent commentators, including Pogue, Pratt, Heroy, 
the writer, and others, in considering national problems, are inclined to 
extend the term “proved oil reserve” to mean ‘‘the reasonably probable 
quantity of oil that can be economically recovered by existing methods 
from proved oil-bearing structures or fields.”’ 

In estimates conforming to this definition, the only factor definitely 
proved is the existence of the field; the quantity of oil reserve being a 
collateral probability. Nevertheless, it may be stated with confidence 
that this definition affords a workable common base from which a rational 
orientation of the entire subject may be projected. 

A chronological breakdown of the national oil reserves correlated with 
the periods corresponding to the discovery thereof is believed to have 
first made its appearance in the published literature in an article by 
Wallace Pratt! in 1935. The time unit selected by Pratt was a five-year 
period, and the illustrative figures presented were dated from the time 
that oil was discovered in Pennsylvania in 1859. The writer, in 1934, 
completed the compilation of an estimate of domestic reserve discoveries 
by individual years beginning with 1920. These figures were based on an 
adjustment of the estimated Dec. 31, 1919, reserve to reflect the estimated 
annual discoveries subsequent thereto. 

Revised and brought up to the end of 1936, the author’s compilation 
of annual new discoveries is presented in Table 1. The term ‘‘discovery” 
as used includes important lateral extension of fields beyond the recog- 
nized limits of a given time; and the proving up of deeper productive 
horizons. The last column gives the time supply measurement of 
the estimated reserves at the end of each year in terms of years’ capac- 
ity to sustain estimated future? consumption. Determination of this 
relationship involves the summation of cumulative future production 
from the end of a given year to the time at which it equals the estimated 
reserve at the end of the selected year. Thus it was found that the 
estimated known reserve as of Dec. 31, 1920 (7,676,000,000 bbl.) was 
balanced by a production of like amount accumulated at the end of 
10.4 years, or, say, in April 1930. For the earlier years of this period up 
to 1926, actual production figures were used in this time computation. 
For the more recent years since 1926, the accumulated production to 


1W. Pratt: Oil Production—Analysis of Its Development and Stabilization. Oz 


& Gas Jnl. (May 2, 1935). se 
2 The actual figures are for domestic production, which in effect is equivalent to 


consumption of underground reserve. 
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the end of 1936 fell short of balancing the indicated reserve at the end 
of any given year. This necessitated a projection of the accumulated 
production beyond 1936, which, in the figures herein presented, was 
extended into the future on the basis of an assumed constant 3 per cent 
increase in the annual rate of production over each preceding year. This 
might appear to be a low rate of increase in the light of the record of 
recent years, but is not out of line with the average for the past decade. 
Considering the trend toward more efficient utilization of motor fuel, a 
conservative long-term viewpoint bearing on the increase in annual rate 
of consumption is necessary. 


TaBLE 1.—Estimated New Reserve Discoveries 


BARRELS 
Estimated Woweste Estimated Estimated Total Estimated 
Year Reserve Dis- ey Net Reserve | Proved Reserve Year's 


Production Change at End of Year Supply 


coveries 


1919 7,534,000 10.4 
1920 585,000 443,000 142,000 | 7,676,000 9.9 
1921 800,000 472,000 328,000 | 8,004,000 9.9 
1922 800,000 557,000 243,000 | 8,247,000 9.9 
1923 800,000 732,000 68,000 | 8,315,000 9.8 
1924 800,000 714,000 86,000 | 8,401,000 9.9 
1925 810,000 764,000 46,000 | 8,447,000 9.5 
1926 1,547,000 771,000 776,000 | 9,223,000 10.0 
1927 1,353,000 901,000 452,000 | 9,675,000 10.2 
1928 1,936,000 901,000 | +1,035,000 | 10,710,000 10.8 
1929 1,100,000 | 1,007,000 | + 93,000 | 10,803,000 10.8 
1930 4,000,000 898,000 | +3,102,000 | 13,905,000 12.9 
1931 517,000 851,000 | — 334,000 | 13,571,000 12.5 
1932 1,030,000 785,000 245,000 | 13,816,000 12.1 
1933 500,000 906,000 406,000 | 13,410,000 11.5 
1934 700,000 908,000 208,000 | 13,202,000 10.9 
1935 1,400,000 994,000 406,000 | 13,608,000 10.8 
1936 900,000 | 1,073,000 173,000 | 13,435,000 10.5 


The utility of this form of close chronological analysis is further 
indicated by the graph, Fig. 1, which illustrates the foregoing text and 
the manner in which projected estimates of future year-end reserve posi- 
tions can be visualized. The six-year end reserve positions figured for 
future years beyond 1936 are based on an arbitrary assumption that the 
annual rate of reserve replenishment will continue at the rate estimated 
by the writer for 1936; i.e., 900,000,000 bbl. There is no presumption, 
of course, that this will be the actual average rate of discovery over the 
next six years; and the resultant effects of a wide range of discovery 
rates would be of interest to a comprehensive investigation. Consump- 
tion, it is assumed, will maintain the average 3 per cent annual increase 
previously referred to. Here, also, the effect of varying consumption 
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rates in combination with varying rates of discovery is of interest to a 
complete study of the subject. 

It will be evident to all students of the subject that to a considerable 
degree the graph should be regarded as merely diagrammatic. The 
starting point—that is, the figure for the proved oil reserve at the end 
of 1919—and likewise the discovery accomplishments of the earlier years 
can be retroactively estimated at this time more accurately than was 
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Fic. 1.—GRAPHIC REPRESENTATION OF PAST DOMESTIC OIL RESERVE CHANGES AND 
ESTIMATED FUTURE CHANGES BASED ON MAINTENANCE OF 1936 RATE OF NEW DISCOV- 
ERIES AND AN ASSUMED 3 PER CENT ANNUAL INCREASE IN CONSUMPTION REQUIREMENTS. 


possible to forecast them in the contemporaneous estimates of correspond- 
ing periods. In general, however, the degree of accuracy diminishes as 
one approaches the present, and obviously the estimates for the last few 
years are built up on recent discoveries, with corresponding quantity 
factors of a conjectural nature. A further but minor complication arises 
in many instances from the difficulty in determining the year to which a 
given discovery should be credited. This is largely_a matter of opinion 
according to the viewpoint of the investigator, since frequently the data 
are open to various interpretations. 
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Subject, however, to its mentioned limitations, it is believed that the 
graph objectively portrays the important relationships. It will be 
observed that whereas the reserve itself may be maintained at a relatively 
constant volumetric quantity, its adequacy in terms of future years’ 
supply may be rather sharply diminishing as a result of a steadily increas- 
ing consumption. Though not specifically indicated by the graph, the 
following simple inference may be readily derived therefrom: 

To maintain a given time measurement of reserve against an increas- 
ing production trend, the annual reserve replenishment must exceed 
contemporary consumption. In fact, it must equal the estimated con- 
sumption at the end of the given time period corresponding to the reserve 
measurement, in this case 101% years. 

As an illustration, the 3 per cent secular increase in consumption here 
assumed implies a consumption in 1946 some 34 per cent above that of 
1936. Thus, to hold the same 1014-year time reserve, the discoveries 
in the current year must be equivalent, not to contemporary consumption 
but to the 34 per cent greater consumption expected in 1946. Or, 
looking in retrospect at the 1936 results, we observe that though pro- 
duction (consumption of reserves) was approximately 1,100,000,000 bbl. 
in 1936, our discoveries in that year, if sufficient to maintain a 10!4-year 
reserve, should have been 34 per cent greater than production, or approxi- 
mately 1,482,000,000 bbl. The actual discoveries in the past year 
probably fell below 900,000,000 bbl., thus creating a much sharper 
shrinkage of known national reserve in terms of time supply than would 
be indicated by a superficial comparison with the volume of 1936 produc- 
tion alone. 

The steady drop in effective time reserve that has taken place since 
1930, and the imminent further contraction that seemingly can be 
arrested only by a rate of annual discovery substantially in excess of the 
average rate that has prevailed heretofore, points to the conclusion that 
an intensified activity in oil exploration must follow as a natural con- 
sequence if reserve replenishment is to maintain the existing indicated 
time supply. 

A collateral consideration has to do with the price of crude oil and 
refined products, which may be expected to economically support the 
increased exploration expenditure that may be required—provided our 
national requirements are to be met exclusively with domestically pro- 
duced oil. If the results of 1936, a year of relatively high exploration 
activity, are taken as a criterion, there is reason to believe that explora- 
tion activity, in order to be adequate for national requirements, may 
require the stimulus of higher price levels for the products of the industry. 

The long-term trend of future oil requirements, which is of the utmost 
importance in the time measurement of reserves, is, of course, determined 
by changing influences. Consequently, it is essential that a projection 
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of the type discussed here be regarded as probable only in relation to the 
accuracy of estimates of future consumption. 

An increase in consumption is indicated by such factors as the probable 
continued growth of population; ever higher standards of living; the 
rapidly growing use of oil for heating; Diesel-engine developments, and 
the growth of aviation. On the other hand, developments in the direc- 
tion of increased motor efficiency, and the introduction of new refining 
processes such as hydrogenation, polymerization, etc., suggest a decreas- 
ing demand on our petroleum reserves for a given requirement of energy. 
The writer’s consideration of these factors and others leads him to the 
belief that a 3 per cent average annual increase in consumption for the 
next decade is at least a reasonable and probably somewhat conserva- 
tive assumption. 

Oil, like other commodities, however, must be considered as subject 
to the inherently unpredictable factors that influence demand. Accord- 
ingly, frequent revisions of any projection into the future will be neces- 
sary. Thus the data and graphic portrayal herein presented cannot be 
an unqualified prediction of future annual consumption and correspond- 
ing annual need for replenishment. Rather, it illustrates a simple 
method whereby the investigator, by applying his own estimates of 
increased consumption for the future, may more accurately gauge the 
magnitude of exploratory effort necessary to convert the ‘‘possible”’ 
but undiscovered reserve of the nation into the ‘‘probable”’ and 
‘“proved”’ classifications. 


Role of Price in the Functioning of Proration 


By Josnren E. Poaurn,* Memper A.I.M.E. 


(New York Meeting, February, 1937) 


PRIcE is a complicated concept, for price is both a cause and an effect. 
This reciprocal aspect is commonly overlooked and the oversight is the 
source of many economic maladjustments. Price is the resultant of the 
ratio between supply and demand, but it differs from a mathematical 
concept of a proportion, by itself constituting an economic force which 
continuously alters the elements that determine the relationship. Price, 
therefore, is not merely the outcome of other forces but is in its own right 
one of the most powerful of economic agents. Price accordingly does not 
play a passive role; nor can it be sterilized or rendered inactive. In 
consequence, price cannot be fixed or at least kept fixed, except 
by the elimination of all freedom of choice on the part of producers 
and consumers. 

A primary objective of all economic activity is equilibrium. The 
same is true of a unit of economic activity, the single industry. The plane 
upon which equilibrium centers may shift in the course of time, but 
equilibrium itself is the point of departure and the point of return. If an 
industry is in equilibrium, that industry is operating effectively. The 
motivating forces of an industry—profits or the common good—are not 
to be confused with the prerequisite of equilibrium, but this mistake is 
often made. The producer is dominated by the profit motive; the 
consumer, or his collective representative, by the general welfare motive. 
No one is the advocate for equilibrium; that status is supposed to be 
arrived at automatically. If the forces of competition are perfectly free, 
such is the tendency. 


EQUILIBRIUM 


For the purposes of this analysis, equilibrium needs to be broadly 
defined and is conceived to involve: (1) balance between supply and 
demand; (2) internal equipoise amongst the elements within an industry; 
and (3) symmetry in respect to the whole economy. This definition 
implies flexibility and ease of adjustment; a ready accommodation to 
change. Equilibrium does not postulate profits or nonprofits, social 
objectives or the lack of them. A decadent industry may be in equilib- 
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rium, but nonprofitable; such an industry cannot be made profitable 
except through subsidy, which is a violation of equilibrium. 

What are the means for maintaining equilibrium? In a freely com- 
petitive economy, there is only one: price. In a semicompetitive econ- 
omy, such as that under which we are now living, there are two: price 
and regulation of supply. In an activity such as the American petroleum 
industry, in which competition is highly developed but yet is modified 
by proration in the production of crude oil, our problem is to determine 
the proper function of price: to what extent its status has been modified 
by the introduction of retarded supply into the equation. For this 
purpose, we need a clear understanding of the nature of proration. 


PRORATION 


Proration is itself a complicated concept, because it is a compound or 
dual affair. It is at once a measure for minimizing waste and a regulator 
of supply, or a production control. Its legal authority is derived from 
its conservation function; its production-control aspect is a pragmatic 
adjustment to the exigencies of the occasion. The technical and human 
factors involved require, or have seemed to require, a balancing of supply 
and demand to achieve a minimizing of waste. Theoretically the con- 
servation aspect could function alone, through the expedient of limiting 
each field to its optimum rate, competition freely ruling in all other 
respects; but practically proration has developed and become institu- 
tionalized, with the added accompaniment of such regulation of supply 
as to balance supply and demand. It may be perceived that this 
appended element is a resultant of potential overproduction, perhaps 
merely a temporary or recurring item in the mechanism; one that will be 
minimized or even eliminated in event of demand exceeding the efficient 
rate of production of the resource. Thus proration may be expected to 
vary in structure or degree of application at different phases of the 
oil cycle. 

Proration is not thought to be an invention or device planned to meet 
a specific set of conditions, but an evolutionary mechanism born of neces- 
sity. It came into existence in institutionalized form when the rule of 
capture was rendered untenable by accumulating overproduction under 
the stimulus of advancing technology in oil finding and production. Once 
the momentum of supply came to exceed the capacity of demand to 
absorb the output, the stimulus of the rule of capture became insupport- 
able and suffered modification. This modification was effected by means 
of a regulatory mechanism which we call proration. In short, under the 
conditions outlined, price alone proved incapable of maintaining equilib- 
rium and the institution of proration arose to help meet the issue. The 
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production-control aspect of proration is necessary, or at least convenient, 
only in a supply-dominated cycle; the conservation aspect of proration is 
desirable not only there but in a demand-dominated phase as well. The 
lasting achievement of proration is its conservation function, which has 
become thoroughly grounded in practice and procedure and basicly 
integrated into the economic structure of the industry. 


FUNCTIONS OF PRICE 


The principal functions of price, in a freely competitive industry, 
are: (1) to equate supply and demand by retarding or accelerating the 
rate of change in each of these two elements; (2) to allocate the component 
parts of supply and demand to one another; (3) to regulate the movement 
of capital into and out of the industry. Proration, operating as a com- 
bined production-control and conservation measure, serves to relieve 
price of part of its functional responsibility, but by no means supplants 
price in its essential role. Price is merely modified as an instrumentality 
for the maintenance of equilibrium; and the degree of alteration appears 
upon careful analysis to be superficial rather than fundamental. 

Price, in the presence of proration, is relieved of the responsibility 
of equating supply and demand, and to some degree of allocating the 
component parts of supply and demand to one another. Price, however, 
is left unmodified in its effect upon drilling and search, upon the move- 
ments of capital involved in those activities, upon demand and the 
attraction or repulsion of buying power. Therefore, with proration 
operating, price continues as an effective causal agent, but with its power 
rendered less immediate. Thus a rigidity is introduced into the price 
structure, because the functional incidence of price on the supply side 
of the equation is moved from the surface to a deeper level, involving a 
greater lapse of time between cause and effect; but the influence of price 
is thereby unbroken: merely its time gradient is altered. This deepening 
of the plane upon which price operates is apt to create the belief that 
price has been divorced from its usual economic consequences, but as a 
matter of fact price will continue to manifest itself functionally but more 
slowly. For this reason any attempt to utilize the machinery of proration 
for price-fixing purposes (i.e., for creating price levels out of line with 
prevailing economic conditions) is doomed to failure. 

The mechanism used to arrive at the prevailing price for crude petro- 
leum is more or less unique among commodities. The existence of inte- 
grated pipe-line systems renders central markets impracticable and in 
effect brings the crude-oil market to the innumerable points of production. 
While the price level must be determined in the long run by the economic 
forces at work, the buyers of crude oil have the responsibility of nominat- 
ing the prevailing price level, and of naming a higher or lower bid price 
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at such periods as conditions seem to call for a change. When one impor- 
tant buyer posts a new price, competition tends to bring about conform- 
ance on the part of all other buyers, provided the new bid is soundly 
conceived, otherwise the initial change turns out to be a false move. In 
this way the price of crude oil is arrived at by a process of trial and error, 
which is the method of central markets where buyers and sellers come 
together in innumerable small transactions. The nature of the pro- 
cedure, however, tends to create the illusion that prices are established 
by buyers, whereas they are only named by buyers; and this view is apt 
to be heightened by tendencies to personify economic forces, especially 
in an industry so individualistic and personal as that of petroleum. 

If it be accepted that industrial equilibrium is a sine qua non and that 
a primary purpose of price is to contribute to that end, what then should 
be the reasoning of the buyer when he names a price? The following 
principles may be listed for consideration: 

1. The price should be designed to bring forth the supply prop- 
erly needed. 

2. The price should provide the degree of stimulus for exploration 
that seems appropriate in light of the prevailing discovery rate, potential 
production, and oils in storage. 

3. The price should not normally be out of line with the realization 
obtainable from a barrel of crude. 

4. The price should not be such as improperly to retard or accelerate 
demand, the meaning of “improperly” varying at different phases of 
the cycle. 

5. The price should bear such relation to cost as to promise a proper 
flow of capital to and from the industry”. 

It will be immediately observed that the criteria outlined are general 
and are not subject to precise determination. Furthermore, several of 
them involve future considerations. Quite so; and this is the reason 
why price nominations must be experimental and the price structure 
itself left free to back and fill to arrive at an equilibrium level. It will 
be observed, further, that these criteria do not differ substantially from 
those that would appear desirable under nonproration. True, again, but 
the following important qualification should be held in mind. Proration 
has contributed a rigidity to the price structure and an attitude of mind 
regarding its alteration, that are working against the functional manifesta- 
tion of price; and this development presents a twofold liability: (1) in 
the event of overdiscovery, the way is left open for the development of 


2 The fulfillment of these criteria may fail to insure an equilibrium rate of drilling. 
To obtain balance in respect to this item, the machinery of proration should be so 
directed as to normalize, rather than overstimulate, the drilling of known fields. See 
J. E. Pogue: The Role of Drilling in the Functioning of Proration. Trans. A.I.M.E. 
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sustained drilling campaigns leading to the loss of equilibrium; (2) in the 
event of underdiscovery or of inflationary demand, the way is left open 
for the inhibition of the price changes needed to facilitate transition to 
a new plane of equilibrium. In short, the petroleum industry, now as 


well as formerly, stands in need of a flexible price structure attuned to 


directing the forces of price to the safeguarding of equilibrium. 


~~ 


Various Aspects of Oil-stock Prices 


By Grorcre W. Dorrinc* 
(New York Meeting, February, 1937) 


Numerous contradictory statements have been made in the past 
regarding the importance of the seasonal influence of demand for motor 
fuel on prices of oil securities. It has often been said that the time to buy 
oil securities is in the spring, or just prior to the heavy consuming season 
for gasoline. The fallacy of this argument is brought out in the follow- 
ing paragraphs. 


SEASONALITY OF OIL-SECURITY PRICES 


The indexes used in this paper as indicators of prices of oil securities 
and general industrials are those compiled by Standard Statistics Co. 
The oil producing and refining stock index includes 14 representative 
petroleum companies, while the all-industrials index is made up of 347 
issues. All figures are stated as relatives, with 1926 = 100. 

The primary basis of the index, and one that gives a good weighting 
of the relative importance of the company within the industry, is the 
total market value of the stock issue outstanding; i.e., the market price 
times the number of shares outstanding. Adjustments are made for the 
addition or elimination of issues from the group index, for stock dividends, 
split-ups, stock rights, et cetera. 

At the present time the oil producing and refining index includes the 
following companies: Atlantic Refining Co., Consolidated Oil Corpo- 
ration, Continental Oil Co., Gulf Oil Corporation, Humble Oil & Refining 
Co., Ohio Oil Co., Royal Dutch Co., Shell Union Oil Corporation, 
Socony-Vacuum Oil Co., Standard Oil Company of California, Standard 
Oil Co. (Indiana), Standard Oil Co. (New Jersey), Texas Corporation, 
Union Oil Company of California. 

In calculating the seasonal for oil-security prices several periods have 
been selected as indicative of major changes in the industry, as follows: 

‘1. 1918 through 1936. This gives an over-all picture of the industry 
during the motor-vehicle, motor-fuel era. 

2. 1927 through 1936. This period includes the control stages, both 
voluntary and coercive. 

3. 1927 to September, 1933. This is the pre-code period of control. 
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4. September, 1933, through 1936. This includes the N.R.A. code 
era and the post-code stage, involving cooperation of federal and state 
administration. 

In order to eliminate the general market factor in the oil-stock index, 
the latter is expressed as a ratio to the all-industrial stocks index. The 
seasonal of the adjusted oil producing and refining stocks index is then 
computed by the link relative method, as devised by Warren M. Persons’. 


TABLE 1.—Seasonal Index for Oil Producing and Refining Stocks 
(O. P. & R. index expressed as a ratio to the All Industrials index) — 1926 = 100 


A B Cc D 


1918-1936 | 1927-1936 ii Lt Por ee 


JANUATY ein dos oe ee 102 100 100 100 
Hebru ary. ais cick cous teak ee cee 101 99 99 101 
Marth seen ener eee: oe 100 99 98 101 
April 99 99 99 99 
May testes. Served aaee eee 100 100 99 101 
PULTE? fs Agia A reece mn Ae ae 100 101 101 101 
Ah epee oer cites yo ee 99 101 102 99 
AIZUSt stan eccencrheiccoe eee 98 100 100 99 
September?...t-c%..- . Soeancaias 98 98 98 98 
Octobers # 2eke ee See eee 99 99 98 99 
Nevembeénttcr.fisets eae oronreier: 102 102 104 101 
Decémberts, vic. taper tk Pees 102 102 102 101 


The striking feature of these seasonal calculations is the lack of 
seasonal. Except for the month of November in the period of 1927 to 
August 1933, the greatest variation above or below 100 for any month 
is only 2 per cent, or negligible in amount. Consequently, the desire of 
investors to time their purchases or sales of oil securities on the basis of 
seasonal high or low spots is rather a hopeless one. To go one step 
further, a seasonal index for oil stocks, uncorrected for the market, has 


TaBLE 2.—Seasonal Index for Oil Producing and Refining Stocks, 
1927-1936 
(1926 = 100) 


1K, E. Day: Statistical Analysis. 
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been calculated for the 1927-1936 period, or that of voluntary and coer- 
cive control (Table 2). 

A comparison of Table 2 with column B of Table 1 shows that the 
principal difference is a shift in emphasis for the various months involved, 
especially April and June, which show a change of three points between 
the two indexes. 

It is concluded, therefore, that no significant seasonal variation 
exists for oil-security market prices. To further amplify this deduction, 
and to more fully eliminate the fallacy of relationship between demand 
and market price, a study of the correlation between demand and oil- 
security prices has been made. 


RELATIONSHIP BETWEEN DereMAND FoR O1L Propucts AND MARKET 
Price OF OIL SECURITIES 


For this comparison three relationships have been computed: 

1. Oil-security prices with domestic demand for motor fuel. 

2. Oil-security prices with domestic demand for all refined oil products. 

3. Oil-security prices with the dollar value of domestic motor-fuel 
demand. 

The Standard Statistics index of oil-security prices is used in these 
comparisons, while the demand figures are those compiled by the Bureau 
of Mines. The dollar value of domestic motor-fuel demand is obtained 
by multiplying the monthly demand figure by the average tank-wagon 
price (ex tax) for gasoline in 50 representative cities. All data are 
related to 1926 as 100. 

By the use of dispersion charts, a natural segregation of the data into 
two periods was indicated; or 1918 to 1927 inclusive, and 1928 through 
1936. In the first period, that of mushroom growth, the correlation 
coefficients? were under 0.5 for all three comparisons, or inconclusive. 
For the second period, from 1928 onward, the lack of relationship between 
domestic motor-fuel demand and oil-security prices was so evident on 
a dispersion chart as to preclude further consideration. This is obvious, 
also, from the known importance of price on industry profits. Similarly, 
no relationship existed between security prices and total demand for 
all oils. 

However, the dispersion chart on the relationship of oil-security 
prices with the dollar value of motor-fuel demand showed some possibility 
of correlation and warranted a lag study of the data. Ona direct month- 
to-month comparison the correlation coefficient was 0.73, or definitely 
inconclusive; so calculations were made on the basis of one, two, three 
and four months lag of security prices with the dollar value of motor- 


fuel demand. 
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Certain definite limitations of the data used might be stated at this 
point. Domestic motor-fuel demand is not actually consumer con- 
sumption but really refinery demand based on refinery production, 
imports, exports and changes in refinery and pipe-line inventories. 
However, this demand figure is the only one available and is probably 
fairly indicative of actual consumption. In addition, the gasoline-price 
index used is merely an average unweighted figure of state prices, with 
the assumption that the major city in the state is fairly indicative of the 
state-wide price situation. Naturally, the smaller states are weighted 
too heavily and the more populous areas insufficiently. However, the 
use of 50 prices should give a fairly good sample for the country as 
a whole. 

Another limiting factor is the delay in publishing the data on motor- 
fuel demand. These figures are usually reported from five to six weeks 
after the end of the month in question. 

Using one, two, three and four months lag of the oil-security price 
index to the dollar value of motor-fuel demand, the following coefficients 
_ of correlation were obtained: 


COEFFICIENT 


OF CORRELATION 
No lagek . Fe... Se wE be a Os Fe Se eee 0.73 
QOnesnonthy lag ayer. eae Reese te. Seer eo ee 0.66 
Two nonths: lag 5). 5.racutoetey. Nameroceirsti« try Heke re a at bes eee 0.68 
Threewmonths lag a ota.ccke ect. nin iets scisie sicfs, eae oe ee 0.61 
Four months dag a. cccjo nate tcas exeiecn sek <ssccNeeieyy 5.25 cee eer 0.58 


In other words, the direct month-to-month relationship was the most 
favorable, though decidedly inconclusive and of little practical value, 
since the data are not available until five to six weeks after the end of the 
month in question. 

To complete the study, a reverse lag was calculated; i.e., a lag of the 
dollar value of domestic motor-fuel demand in relation to the oil- 
security index: 


COEFFICIENT 
oF CORRELATION 
ING Tag os sic satan, 32. deen aise rshart eRe ine ac ae aero Oo Re re 0.73 
‘Two months lagt's i, peas. sac slant teteh amtategee cde nec cee eee ne ae 0.75 
Fourmonths lag 2os..t.on-vciscy ection nee nan ae een eae ee 0.70 


The small improvement in this correlation is logical in view of the 
tendency of stock-market prices to forecast developments in industry. 
However, the indicated correlation is still poor and further bears out the 
thesis that demand in the oil industry is not the major determinant in 
the movement of oil-security prices and, consequently, offers the explana- 
tion for the lack of seasonal variation in the oil-security index. It has 
been shown that: (1) demand alone has practically no effect whatever 
on oil-security prices; and (2) that motor-fuel demand, even though 
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adjusted for price, has little correlation with the oil-stock index. While 
a comparison of the dollar value of the demand for all refined products 
with the oil-security index would be a more conclusive determinant 
of the demand factor on oil prices, the use of motor fuel alone is an 
adequate sample owing to the importance of this product in terms of 
dollar realization for all refined products. In addition, the trade and the 
market generally determine the progress of the oil industry on the basis 
of the gasoline situation. 

It is not within the scope of this report to consider the relationship of 
prices or refinery realization margins, by themselves, to the movement of 
oil-security prices. An excellent paper (unpublished) was read by Dr. 
Norman Fitzgerald at the A.I.M.E. meeting in February 1935, on the 
relationship of spot gasoline prices to oil-security prices; and an illumi- 
nating article by William H. Garbade, Jr., was published in The Annalist 
(Jan. 1, 1937), comparing the refinery return (adjusted for refinery cost 
for integrated units) for crude oil (Middle West area) with quarterly 
net income of a group of oil companies, and also net income with oil- 
stock prices. The principal conclusions that can be drawn from the 
various studies are that oil-security prices tend to reflect total refinery 
margins to a greater degree than actual dollar realization from the 
principal product, motor fuel, and that demand, by itself, is a minor 
causation of changes in market quotations. 


MovEMENT OF OIL-SECURITY PRICES 


In previous paragraphs the principal stress has been on short-period 
security fluctuations as a reflection of the products situation. For an 
investor the long-range point of view is of equal or greater moment, 
especially in terms of the influence of raw materials. 

On Fig. 1 the oil-security index is compared with the movement of all 
industrials. The four lines on the chart are made up of the all-industrial 
index, the oil index, the all-industrial index as 100, and the ratio of the 
oil index to the all-industrial index as 100. Inasmuch as general market 
fluctuations present a strong impetus to individual group movements, 
changes in oil-security prices as a ratio to all industrials should present 
the truest picture of actual conditions. As shown on the chart, the 
adjusted oil index dipped gradually in 1919 and early 1920, rose sharply 
to late 1920, remained fairly steady to early 1923, and then began a long 
decline which lasted until early 1929, with a small recovery in the first 
half of 1930, followed by a sharp break until May 1931, another sub- 
stantial recovery to July 1932, a sharp break to August 1933, a recovery 
to November 1933, and then an oscillating downward movement to 
October 1935. Since that time the adjusted index has been at slightly 


higher levels. 
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These wide swings in the adjusted index will be viewed on the basis 
of four main factors: crude-oil discoveries, flush production, crude prices 
and inventory changes. No attempt is made to belittle demand, but it is 
believed that the supply factor has been the difficulty in one way or 
another throughout the period. It might be mentioned that demand for 
all oils increased almost without interruption from 1918 through 1929, 
or a total of 158 per cent; declined only 15 per cent from 1929 to 1932; 
and again advanced 26 per cent from 1932 through 1936. Table 3 shows 
a rough compilation of crude-oil reserves over the period 1918 to 1936. 
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1918 1919 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 1935 1936 1937 
Fig. 1.—RATIO OF INDEX OF OIL PRODUCTION AND REFINING TO INDEX OF INDUSTRIAL 
STOCKS. 
Source: Standard Statistics Co., oil index 14 stocks, industrial index 347. 


On the basis of accumulated crude-oil production of 18,680 million 
barrels by Dec. 31, 1936 (1936 output estimated at 1090 million barrels), 
and accumulated reserves of 31,200 million barrels to the same date, 
outstanding proven crude reserves at the end of 1936 would have approxi- 
mated 12,520 million barrels. 

Flush production from the leading pool discoveries since 1918 has 
been calculated from data reported in the Petroleum World—Annual 
Review of the California Oil Industry; Minerals Yearbook and the Oil and 
Gas Journal Annual Reviews. The year of flush production does not 
necessarily coincide with the year of discovery; for example, East Texas 
was discovered late in 1930 and only reached important producing levels 
in 1931, while Ventura Avenue was found in 1916 but did not attain real 
flush output until 1923. As a matter of simplification, flush output will 
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TaBLE 3.—Crude-oil Reserve Discoveries and Accumulations, and New 
Flush Production in Relation to Domestic Output 


- Ader . New Flush Pr ti 

Year ition of Marvels | fhfoa@arsetta,, | # Percentage of Domestic 
1918 350 10,750 1.9 
1919 700 11,450 2.4 
1920 900 12,350 7.9 
1921 1,100 13,450 4.3 
1922 1,000 14,450 LOR, 
1923 650 15,100 10.8 
1924 600 15,700 4.0 
1925 900 16,600 8.2 
1926 1,600 18,200 10.3 
1927 900 19,100 16.6 
1928 3,000 22,100 1.2 
1929 1,500 23,600 “4.0 
1930 3,000 26,600 4.9 
1931 1,100 27,700 12.7 
1982 300 28,000 0.9 
1933 250 28,250 0.6 
1934 650 28,900 ial 
1935 1,500¢ 30,400 0.9 
1936 800° 31,200 


@ “American Petroleum Industry—1935’’—American Petroleum Institute. 

> Mineral Resources of the United States; Minerals Yearbook; Oil and Gas Journal 
—Annual Reviews. 

¢ Estimated by writer. 


be stated as a percentage of total domestic production for the years 
in question. . 

During the first significant period of market-price movement for the 
adjusted oil-security index (expressed as a ratio to the all-industrial 
index), or the decline from early 1919 to July 1920, crude discoveries 
were fairly large in relation to actual output; flush production from such 
leading pools as Hull and West Columbia, Texas, Richfield and Elk 
Hills, Calif., and Hewitt and Burbank, Okla., increased considerably 
from 2 per cent of the domestic total in 1918 to 8 per cent in 1920; while 
inventories of all oils showed a declining tendency in terms of days’ 
supply, or from 163 in 1918 to 154 in 1920. However, while discoveries 
were large and flush production increasing, settled output declined and 
demand was favorable. With these contradictory influences at work, 
crude prices rose from $2.25 per barrel in 1919 to $3.50 in 1920, while the 
adjusted oil index declined as a reflection of the uncertainty engendered 
by the new reserve discoveries. However, the situation improved in the 
latter part of 1920, and the adjusted index rose fairly sharply. 
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Further heavy discoveries in 1921, a halt in the demand increase 
during the 1920-1921 depression, and an advance of 46 days’ supply for 
inventories finally caused a price reaction from $3.50 to $1.00 per barrel. 
Nevertheless, these factors had been fairly well discounted in 1920, so 
that the adjusted oil index was fairly well maintained. In 1922 and 
1923 discoveries were fairly heavy, flush production totaled around 11 
per cent of domestic output in both years, and inventories began to 
accumulate rapidly despite a large increase in demand. Consequently, 
crude prices were jittery, dropping from a high of $2.25 in June 1922, toa 
low of $1.02 in December 1923. As a consequence, the adjusted oil- 
security index declined substantially. 

In the latter part of 1923 and in 1924, crude discoveries fell off con- 
siderably from earlier periods, the only major new pools in 1924 being 
Luling, Dominguez, and Cromwell. Consequently, flush production 
dropped to around 4 per cent of domestic output, inventories remained 
unchanged in days’ supply, and demand continued its upward trend. 
However, the adjusted oil index declined during the year 1924, owing to 
the fact that industrials progressed even more rapidly than the actual 
oil index. 

Over the next three years, 1925-1927 inclusive, new pool discoveries 
came in at an increasing pace, and the adjusted oil index dropped pre- 
cipitously. In this period were found such areas as Inglewood and Seal | 
Beach, in California; Big Lake, Spindletop (revival), Panhandle, Yates, 
Hendricks, and Upton-Crane in Texas; Wewoka, Seminole City, St. 
Louis-Pearson, Earlsboro, Bowlegs, and Searight, Oklahoma; Sunburst, 
Montana; and Sumner County pools, Kansas. Flush production rose 
from 8 per cent of the national total in 1925 to around 16.5 per cent in 
1927. Inventories remained at high levels despite an excellent con- 
sumption growth, and crude prices dropped to around $1.20 per barrel 
after a recovery to $2.25 in 1926. In the latter year, the adjusted oil 
index did fairly well, since the major portion of new discoveries, totaling 
1600 million barrels, was not found until late in the year, and inventories 
showed a decline for a change. 

As a result of the increasing tendency to hasten production from 
newly found areas, the industry attempted to solve the situation by 
voluntary proration of output, and a fairly good measure of success was 
obtained up to the coincidence of several factors late in 1930; namely, the 
depression, the discovery of East Texas, and the first decline in total 
demand for all oils since 1921. 

The period from November 1930 to September 1933 is undoubtedly 
still vividly etched in the minds of all who have followed the fortunes of 
the oil industry and can be expressed in two words: East Texas. Of total 
domestic crude-oil output in 1931, 1932 and 1933, East Texas alone 
furnished 12.6, 15.5 and 22.4 per cent, respectively. Various attempts 
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were made to get the field under control, but most of them proved 
ineffective until state action was supplemented by the N.R.A. code late 
in 1933, and the bitter experience of 10-cent crude touched the pocket- 
book of the individual producer. The temporary recovery of the oil 
index late in 1931 and the first half of 1932 was largely due to the arbi- 
trary shutdown of the field for several weeks by the Governor of Texas; 
Sunday holidays for production from November 1931 to February 1932; 
the passage of a conservation law by the state of Texas, which included 
market demand with economic waste; and the decision of the United 
States Supreme Court in the Champlin case, affirming the power of the 
State of Oklahoma to regulate production of crude oil under its con- 
servation statute. 

The period 1934-1936, inclusive, witnessed the emergence of a new 
phase in the oil industry—coercive control. In this period, despite 
crude discoveries of 650 million barrels in 1934, of 1500 million barrels 
in 1935 and 800 million barrels in 1936, flush production from new areas 
was at low levels, the most important being Rodessa, which accounted 
for around 2.2 per cent of the national total in 1936. 

The year 1934 may be designated as the test, or “injunction,” period 
of control, especially in respect to the federal phase as represented by 
Section 9C of the N.I.R.A. Uncertainty was the prevailing note 
relative to legality of federal control of production and in regard to the 
ability of the Texas Railroad Commission to police effectively the 
125,000-acre East Texas field. Consequently, adjusted oil-security 
prices manifested a sagging tendency throughout the year, despite an 
appreciable decline in inventories of all oils, low crude-oil discoveries and 
small new flush production. 

The year 1935 marked the transition from illegal emergency regu- 
lation to a system of state and federal cooperation, which probably will 
be a permanent and integral part of the oil industry. Further improve- 
ment occurred in the statistical position of the industry with all oil 
inventories off a 21 days supply, demand at a new high level, and flush 
production from new fields of little consequence. However, adjusted 
oil-security prices fell off as a reflection of two severe shocks, the invali- 
dation of Section 9C of the N.I.R.A. on Jan. 7, 1935, and of the N.I.R.A. 
itself on May 27, 1935. As a result of the latter decision, the Pacific 
Coast Agency Agreement became null and void, leaving California 
without any legal force to regulate production. The second half of 1935, 
therefore, was one of overproduction and declining prices on the Pacific 
Coast, which, naturally, had a dampening influence on oil securi- 
ties generally. 

In 1936 crude prices were raised from 10¢ to 15¢ per barrel early in 
January, which was followed by a substantial improvement in the 
adjusted oil-security index. However, new flush production from 


248 VARIOUS ASPECTS OF OIL-STOCK PRICES 


Rodessa and rapid increases in gasoline inventories injected new doubt 
and uncertainty into the situation, and the oil-security index again 
declined. Fortunately, demand was extremely favorable, Louisiana 
entered the link of control, new discoveries were well below production, 
and all oil inventories were cut another 23 million barrels to the lowest 
level since 1926. As a consequence, the adjusted oil security index 
gradually rose to higher levels by the end of the year. 


SUMMARY 


The discussion in the previous paragraphs has been an attempt to 
show the peculiar nature of the oil industry; i.e., the extreme importance 
of a check on new supplies. Oil is a migratory raw material, the owner- 
ship of which is not legally effective until it is brought to the surface. 
When discoveries were heavy, large amounts of new flush production 
naturally pressed upon the market and broke prices to levels below 
production costs. Since 1927 efforts have been directed toward a 
rationalization of this phenomenon, originally by voluntary action and 
finally by coercive state and Federal control. 

Since 1931 the problems involved in such coercive regulation have 
been tests of the legality of control legislation, improvements in the 
mechanics of control, and education of the interested parties to control. 
These include the producer, the leaseholder, the governmental agencies, 
and the public. Fortunately, the control theory has been aided by 
natural phenomena in the industry itself, including such developments 
as increased concentration of wildcat acreage in the hands of the larger 
units, a greater percentage of wildcat drilling by these same companies, 
and higher costs for wildcatting and exploration. 

While it is realized that discoveries have not been particularly heavy 
since 1931, flush production outside of East Texas has been smaller in 
relation to national output than normally would have been the case, 
partly because of more effective control and of greater concentration of 
ownership of new areas in strong hands. No illusion is held that the 
present control system is perfect by any means, but improvement in 
method, participation, and effectiveness has been encouraging. It might 
even be said that the oil industry is ‘“‘coming of age.’ 


Future Demand for California Petroleum Products 


By A. H. Hanp* 
(Los Angeles Meeting, October, 1936) 


WHEN considering the question of future demand for crude petroleum 
in California, one must first decide whether it is to be approached in the 
light of the definition of “‘demand”’ when used in economics; i.e., ““The 
quantity of any commodity required or sought in the market,” or in 
the light of markets developed to dispose of total supply. Therefore, is 
the California demand of future years to be predicated on a continuation 
of supplying markets developed following the surplus production commenc- 
ing in 1922, or predicated on supplying what would be termed economic 
markets? If the latter, what are economic markets? 

Obviously, the Pacific Coast States and Canada, Alaska, Hawaii and 
probably the Pacific side of Central and South America, can be considered 
as normal markets for California petroleum products. While there 
have been small quantities of gasoline shipped into the Pacific Coast 
from East Texas, transportation costs, plus import taxes in the case of 
foreign oil, are a sufficient barrier to justify considering that these markets 
will be retained. 

But how about our participation in Atlantic and Pacific foreign and 
intercoastal markets? During the five years preceding 1931 California 
shipped substantial quantities of gasoline to the United Kingdom and to 
France, Germany and Italy. During recent years our business in Euro- 
pean markets has been restricted to occasional shipments of gasoline and 
Kettleman crude. This loss of business is occasioned by the development 
of production in the Mid-Continent, principally East Texas, and in Iraq, 
Rumania, Venezuela and other closer producing areas, which makes it 
impossible at the prevailing crude-oil prices for California to be com- 
petitive in supplying any substantial portion of these markets. It is 
therefore apparent that under a stabilized price structure that will return 
the California producer a reasonable price for his oil, future Atlantic 
foreign business will be restricted to occasional spot cargo sales. 

As to Pacific foreign shipments which, in addition to Central and 
South America, consist principally of shipments to Japan, China, Aus- 
tralia and New Zealand: A considerable portion of the business we had 
with Australia and New Zealand until four or five years ago is now being 

‘Manuscript received at the office of the Institute Oct. 13, 1936. 


* Assistant Comptroller, Union Oil Company of California, Los Angeles, Calif. 
249 


250 FUTURE DEMAND FOR CALIFORNIA PETROLEUM PRODUCTS 


supplied from the East Indies. So far development of production in Rus- 
sian Sakhalin has had little effect on our business with the Orient. Sub- 
stantial reserves have been developed in Bahrein Island, and while it is 
too early to forecast what effect this supply will have on our shipments 
to Japan, substantial quantities of this crude are now being shipped into 
that country. Needless to say, if there is a considerable decline in the 
state’s production, resulting in a materially higher price schedule for our 
crude, there will be a substantial reduction in our Pacific foreign business. 
The same situation holds true in regard to our East Coast business. 
With the exception of shipment of some 15,000,000 bbl. of fuel oil during 
1933 and 1934, which was in effect a reduction of the excessive stocks 
existing in California, fuel-oil movements to the east coast have been 
limited, shipments being almost entirely gasoline. If the production in 
Texas, Oklahoma and Louisiana holds up, as it gives promise to do, and the 
same relationship is maintained between the price schedules for Mid- 
Continent and California crudes, we cannot economically ship to the 
Atlantic seaboard. As an illustration, our present posted schedule is 
based on 27° gravity Signal Hill crude at $1.10 a barrel, which by 
straight-run operations will yield around 27 per cent of gasoline, whereas 
36° gravity Oklahoma-Kansas crude, which has a straight-run gasoline 
yield of around 36 per cent, is posted at this same price, and 36° gravity 
crude in West Central Texas, with about the same gasoline content, is 
posted at only $1.00 a barrel. East Texas crude will yield about 36 per 
cent gasoline from straight-run operations, the present price schedule 
for which is $1.15 a barrel. California is at a further disadvantage by 
reason of the difference in transportation costs to the Atlantic seaboard. 
Pipe-line transportation from Oklahoma to the Gulf is quoted at 3214 
and from East Texas to the Gulf at 12!4¢ a barrel, while steamer rates 
are now running about 22¢ a barrel from the Gulf to the Atlantic seaboard. 
This makes a total transportation cost of 5414¢ per barrel for Oklahoma 
gasoline and 3414¢ a barrel for East Texas gasoline moved to the east 
coast by water. As opposed to this, prevailing steamship rates alone 
from California to the Atlantic seaboard are about 60¢ a barrel, and not 
long ago ran as high as 84¢. Obviously, unless some adjustment is made 
of the disparity in the posted crude prices, any present or continuing 
surplus gasoline in California shipped to the Atlantic seaboard will have 
to be sold at a price that will not, after taking into consideration the 
realization from the other products, return the posted price for crude. 


PRODUCTION AND CONSUMPTION 


With the foregoing in mind, the question then arises why has California 
been continuing such large shipments out of the Pacific Coast territory 
during the last five years or so? Recalling the efforts put forth and the 


A. H. HAND 251 


sacrifices made to reduce the production of crude oil to profitable market 
demands, it would be well to consider what disposition has been made of 
the production during that period. 

Before doing so, it is interesting to consider the increase in our Pacific 
Coast demand during the past 15 years and the growth of our offshore 
business following the development of the Los Angeles Basin fields. 
Also, the effect on our Atlantic foreign and intercoastal shipments of the 
flush production from the East Texas field starting in 1931. Our gasoline 
consumption and shipments during the 1514 years starting with Jan. 1, 
1921, have been as set forth in Table 1. 


TABLE 1.—Gasoline Consumption and Shipments, California 
Barrels Daily 


Yew wane | Bemis | gue | deity | oo 
hi 2 eee 31,000] 1,000 32,000 
(SERS ee SED AOA 39,000} 1,000 | 1,000 41,000 
cece ee ee 62,000} 4,000 | 5,000 | 7,000 | 78,000 
Yi ee Es ee ae 56,000} 3,000 | 12,000 | 8,000 | 79,000 
BD May Bis endl 56 ain teeta anatvadl x 75,000| 6,000 | 10,000 | 27,000 | 118,000 
a Ce a ee ae ee 84,000} 11,000 | 15,000 | 23,000 | 133,000 
“ey et eee are 103,000 | 13,000 | 17,000 | 32,000 | 165,000 
WCBAR yr devrait apne le ca ala 109,000 | 19,000 | 23,000 | 46,000 | 197,000 
LOR ee 119,000 | 23,000 | 32,000 | 64,000 | 238,000 
RCTS. enn ae oe oe 126,000} 23,000 | 34,000 | 56,000 | 239,000 
LOST Me lt) 5) 133,000| 18,000 | 8,000 | 38,000 | 197,000 
Los eee Te et eS 125,000} 21,000 | 10,000 | 23,000 | 179,000 
iS Soren eee a, 123,000} 16,000 | 5,000 | 31,000 | 175,000 
Gr EMReN Relies 8 0330's yrs. 130,000} 15,000 | 4,000 | 24,000 | 173,000 
(WSLS. 5 he eneh ee RR eee 142,000 | 15,000 | 9,000 | 19,000 | 185,000 
First half 1936....................| 150,000} 17,000 | 9,000 | 20,000 | 196,000 


Taking only the last 514 years, our crude oil consumption as compared 
with the quantity produced has been as shown in Table 2. 


TABLE 2.—Consumption and Production of Crude Oil, California 
Barrels Daily 


Year Consumption| Production 
TUDE colts, soiree nce et gla NS ARE Ole SP 520,000 516,000 
NOS Daren eee Ate PRT Pen Sie on carwis aie hee otis eons = 494,000 487,000 
OR ae Gwe PAE s Sle fee Rn ee ND SRP ote MAREN. 8s 484,000 474,000 
BS LR ET FEE ENS en etn Tee: 476,000 | 481,000 
0 ene a ese ee ONC es Aen lions oo rho a ubamecaeMana’p 566,000 569,000 
i Petsuiaitd Bal Ree soos ots Sa a eee 600,000 | 594,000 


See ee. ee 
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It will therefore be seen that our consumption followed the same trend 
as production. In other words, primarily as a result of the curtailment 
efforts in 1932, the production averaged 29,000 bbl. a day less than the 
year previous and the consumption declined 26,000 bbl. a day. Like- 
wise, the tremendous increase in production following the collapse of 
curtailment in the summer of last year resulted in the production for 
1935 averaging 88,000 bbl. a day more than it did in 1934 and the con- 
sumption increased 90,000 bbl. a day, although, because of the impossi- 
bility of immediately developing markets to dispose of the surplus, it was 
reflected in additions to gasoline and fuel-oil inventories last year. 

It is reasonable to assume that, in the main, our Pacific foreign ship- 
ments to date have been a part of our economic demand, since we have 
so far been the logical source of supply, but that our European and 
Atlantic seaboard shipments have principally been the result of surplus 
production. Let us consider, therefore, what our requirements would 
have been during the last 514 years if no Atlantic foreign and intercoastal 
gasoline and crude shipments had been made, on the theory that these 
markets were retained solely to dispose of surplus supply. It is recog- 
nized that this is a controversial point, but the fact remains that as long as 
Mid-Continent and certain foreign crudes have a price advantage over 
California, we cannot, as stated before, after absorbing the higher trans- 
portation costs, realize a price for shipments to the Atlantic seaboard and 
to European markets that will return our posted price for crude. 


TABLE 3.—Requirements and Production of Crude Oil, California 
Barrels Daily 


Not Including Shipment With Gasoline Yields Same 
of Gasoline or Grade roy _48 in Rest of U. S. and 
Adlanto" Reabonrd isd without Gasoline or Crude 


3 Shipments to Atlantic 
Year Production Europe Seaboard and Europe 


Requirements Surplus Requirements Surplus 


LOSI Rach tate Sere neers 516,000 417,000 99,000 319,000 197,000 


OSL sehen oage rene 487,000 409,000 78,000 307,000 180,000 
LOSS came teeters bvs os are Oe 474,000 405,000 69,000 307,000 167,000 
TOGA on ete auaMne nites fi apd 481,000 416,000 65,000 311,000 170,000 
DOSD oer reiot she abel iinet ees 569,000 479,000 90,000 356,000 213,000 
First half 1936 594,000 499,000 95,000 390,000 204,000 


Eliminating, therefore, the crude shipments into these markets, which 
are of little consequence and mainly to Europe, and the crude required 
to supply the gasoline shipments thereto, which, by the way, has been 
calculated on the basis of the gasoline yields during each of the respective 
years, our crude requirements, as compared with our actual production, 
would have been reduced to the figures given in Table 3. 
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During this period, because of the surplus crude constantly pressing 
on the market, cracking operations in California have been at a sub- 
stantially lower rate than the rest of the United States, with the result 
that gasoline yields from total crude runs to refineries in California have 
been averaging around 33 per cent whereas east of California the yields 
have been running around 46 per cent. 

If the gasoline yields from crude runs in California had been the same 
during that period as they were for the rest of the United States and we 
had made no gasoline or crude shipments to Europe and Atlantic seaboard 
markets, our crude requirements, as compared with the actual production, 
would have been as shown in Table 3. 

Obviously, if the latter had been true, sales of both light and heavy 
fuel oils would have had to be substantially restricted because of the 
conversion of a larger part of the crude oil into gasoline. In this con- 
nection, however, because of the necessity of currently disposing of the 
crude oil being produced and because of the small quantity of gasoline 
extracted therefrom, it was necessary to develop markets for propor- 
tionately larger volumes of gas and fuel oils. Consequently, substantial 
quantities of these products were sold during the period at extremely 
low prices. 

It is obvious therefore that a large part of our so-called demand during 
the last 514 years actually represents shipments into markets maintained 
solely to take care of surplus supply. 


TREND TOWARDS CRACKING AND DEMAND FoR FUEL OIL 


Another factor that will have a definite bearing on future crude 
requirements is the trend towards increased cracking. The development 
in automotive engines in the last three years makes necessary large 
quantities of cracked gasoline to produce a motor fuel usable in the newer 
ears. If this increased cracked gasoline requirement is to be supplied 
by cracking residuum, even smaller quantities of refining crude oil will 
be required. 

While California crude oil cannot, generally speaking, be cracked to 
the point of producing the same percentage of gasoline as, for example, 
the Mid-Continent crudes, it is safe to say that if market demand and 
price structure were such as to justify the cost, from 50 to 60 per cent 
gasoline could be produced from California refining crude with the type 
of cracking equipment that can be constructed today, and still leave a 
salable fuel oil. 

If, however, a larger part of our crude production is to be converted 
into gasoline in the future, an equivalent quantity of existing fuel oil 
business will have to look to other sources of supply if our demand for 
products is kept in balance. In this event, the increased usage of fuel 
oil for cracking will materially strengthen the price therefor over what it 
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has been during the last five or six years. From the standpoint of the 
petroleum industry in California, however, this is an encouraging outlook 
in that it will ultimately result in a higher realization to the producer, 
since it must be recognized that the value of a barrel of crude oil is really 
the over-all realization from its sale in the form of products. 

In passing, it might be of interest to point out that during the past 
five years or so both the Atlantic and Pacific fleets of the United States 
Navy have been stationed in Pacific waters. During this time the Navy 
has required annually about 7,500,000 bbl. of fuel oil. If the procedure 
were reversed, and the major portion of the fleet were transferred to 
Atlantic waters, our demand for fuel oil would be reduced accordingly. 
With the exception of steamship bunkers, the principal users of fuel oil 
on the Pacific Coast are the railroads. The figures for 1935 are not yet 
available, but railroad consumption during the preceding four years was 
as follows: 1931, 23,915,000 bbl.; 1932, 17,753,000; 1933, 16,887,000; 
1934, 19,704,000. 

With the trend toward Diesel equipment, it is apparent that, not only 
because of the increased speed but because of the materially lower fuel 
and operating costs, this type of equipment will come into more general 
use. While the petroleum industry will be called upon to supply the 
Diesel fuel, the quantity required will be substantially less than the fuel 
oil consumed by the locomotives thereby displaced. 


Future DEMAND OR CRUDE REQUIREMENTS 


The question, then, is: What will be our future demand, or possibly 
better yet, what will be our crude requirements? The American Petro- 
leum Institute recently published an exceedingly interesting survey 
captioned ‘‘A Survey of the Present Position of the Petroleum Industry 
and Its Outlook toward the Future.”’ That survey, which covers the 
25-year period, 1935-1960, was prepared in cooperation with the Ameri- 
can Association of Petroleum Geologists and the industry’s experts in 
production, demand, transportation, refining, marketing, taxation and 
labor, and goes into the subject in exhaustive and elaborate detail. It 
recognizes the probable increases in consumption resulting from increased 
population, motor-vehicle registration, the expansion of aviation, the 
greater use of buses and trucks for passenger and freight transportation, 
the extension of the use of Diesel engines, probable improvement in the 
efficiency of automotive and aviation equipment and the improvement 
in refining technique towards increasing the available supply of motor 
fuel by the extension of cracking operations, hydrogenation, polymeriza- 
tion and the substitution of alternative fuels, etc. 

From the standpoint of demand, the most outstanding point is that 
while motor-fuel requirements are estimated to increase from 432,000,000 
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bbl. in 1935 to 657,000,000 bbl. in 1960, as a result of the forecasted steady 
increase in gasoline yields from crude runs, crude requirements only 


increase from 919,000,000 bbl. in 1935 to 1,071,000,000 bbl. in 1960, as 
shown in Table 4. 4 


TABLE 4.—HLHstimated Increases in United States 


Motor Fuel Gasoline Yield Crude-oil 
Year Requirements, from Crude, Requirements, 
Bbl. Per Cent Bbl. 
1935 432,000,000 43.8 919,500,000 
1940 563,880,000 48.0 1,099,000,000 
1945 599,900,000 51.0 1,104,080,000 
1950 636,570,000 54.0 1,109,800,000 
1955 647,160,000 56.0 1,087,930,000 
1960 657,490,000 58.0 1,071,020,000 


It is appreciated that the outlook for the expansion and development 
of the Pacific Coast is not comparable with that of the United States as 
a whole; that we do not have the closely populated areas of the East; that 
our farming lands are not as fully developed as those in the Middle West; 
that we do not have the same condition of nonusers of motor fuel as exists 
in the metropolitan areas of the East and in certain sections of the South. 
Consequently, we should be justified in looking forward to a greater 
increase in consumption of motor fuel on the Pacific Coast during the 
next 25 years than has been forecast for the United States. Assuming, 
however, that our increase is only at the same rate as forecast for the 
United States, that we retain only our existing Pacific foreign business of 
both gasoline and crude oil and that our gasoline yields were increased 
to the same percentage as set forth in the American Petroleum Institute 
report under discussion, our future outlook would be as shown in Table 5. 


Tasie 5.—Estimated Increases in California 


Gasoline Demand, Bbl. Daily Crude Requirements, Bbl. Daily 


cies’ : Pacific To Supply Pacific 
Pacific Foreign Total Gasoline Foreign Total 
Coast Shipments Demand | Shipments 
1940 184,000 15,000 | 199,000 | 348,000 39,000 | 387,000 
1945 196,000 15,000 | 211,000 | 346,000 39,000 | 385,000 
1950 207,000 15,000 | 222,000 | 345,000 39,000 | 384,000 
1955 211,000 15,000 | 226,000 | 338,000 39,000 | 377,000 
1960 214,000 15,000 | 229,000 | 332,000 39,000 | 371,000 


om 


In connection with these indicated crude requirements, it will be recalled 
that our crude-oil production is now averaging around 580,000 bbl. daily. 
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Numerous estimates have been made up by qualified petroleum engi- 
neers, the California Oil Umpire’s Office and the American Petroleum 
Institute, which set the future developed crude-oil reserves of California 
between 234 billion and 3) billion barrels. It is recognized that such 
estimates have to be predicated entirely on known existing fields, sands and 
structures and, consequently, have to be constantly revised. Using 3 bil- 
lion barrels, however, as a basis, our reserves are sufficient to supply the 
foregoing indicated requirements for about 20 years. If the Pacific 
foreign shipments were also eliminated—which, of course, could not be 
done until the current crude-oil production was reduced to Pacific Coast 
requirements—this reserve would be sufficient to supply the Pacific 
Coast requirements for about 25 years. At the same time, as a result 
of increasing our gasoline yields from the present 33 per cent to 48 per cent 
in 1940 and then to 58 per cent, by 1960, we should, as before discussed, 
be required to substantially reduce our fuel-oil business. On the other 
hand, if we continue our present rate of consumption, our reserves, on 
the basis of 3 billion barrels, would be depleted in about 15 years; pro- 
vided, of course, the oil could be produced in so short a period. 


Future SupPpLY AND DEMAND IN CALIFORNIA 


It would, therefore, seem that unless some undiscovered flush fields 
or deeper sands of large importance are presently developed in California, 
our question is answered—that the future demand for California petro- 
leum products will be as in the past, our available supply, but that in the 
future it will not include the disposition of a surplus over and above our 
economic markets. 

Therefore, if present estimates of California reserves closely approxi- 
mate the ultimate recovery, we will, within a very few years, see the 
entire elimination of shipments to Europe and the Atlantic seaboard and 
will also see a material reduction, if not an entire elimination, of shipments 
to Pacific foreign markets. This should not be viewed, however, with 
alarm but as an optimistic outlook for the California producer and, in 
turn, the people of the state by reason of the greater revenue that 
will be possible from the utilization of California’s most important 
natural resource. 

As to supplying our own requirements, there should be no fear regard- 
ing a shortage, for, as before mentioned, the present-day refinery methods 
make it possible, if necessary, to convert a considerably larger portion of 
our crude supply into motor fuel, which is the most important product. 
Furthermore, it is generally accepted that future improvements in refinery 
engineering will, if required, provide an even larger recovery than is 
now possible. 

Possible shortage of petroleum in California, however, is not a new 
story. Quoting from a booklet published in 1928 by Chamber of Mines 
and Oil, the forerunner of the present California Oil and Gas Association: 
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The year 1900 was of further importance because it headed a 7-year period of over- 
production. . . . By 1906, when the state’s output had climbed to over 32 million 
barrels, oil was generally adopted as a locomotive fuel. This not only brought relief 
but soon caused consumption to overtake and exceed production. The shortage 
however, was ended in 1909, when the state production increased to 58 million barrels. 
. . . The Coyote and Whittier fields became heavy producers in 1912, and in 1914 
the total state production reached the record figure of nearly 104 million barrels. 
Immediately thereafter, production showed a sharp decline and it was not until 
6 years later that the record of 1914 was again equalled. In the meantime reserve 
stocks of crude oil were drawn upon steadily, so that when the United States entered 
the world war in 1917 the increased demand for petroleum threatened to create a 
shortage in California. . . . Some relief was effected by the discovery and develop- 
ment of the Montebello field in 1917, and by heavy production in the Richfield and 
Elk Hills fields in 1919. Production continued to lag, however, until 1920, when 
Montebello, Elk Hills, and Richfield added 21 million barrels to the state’s output. 
By this time reserve stocks of crude had been reduced to 22 million barrels. 


We were so alarmed because of the 1920 shortage of crude oil that 
trainloads of gasoline were shipped into this territory from the Mid- 
Continent and cargoes of crude naphtha were imported from Mexico. 
This was all changed by discovery of new fields, such as Santa Fe Springs 
in 1923, which produced in that year alone 80 million barrels of crude oil, 
as compared with a total of 104 million barrels for the entire state in 1920. * 


DISCUSSION 
(W. H. Geis presiding) 


H. H. Power,{ Austin, Tex.—I should like to hear a little bit more about the 
Lost Hills discovery. 


J. Jensen, { Los Angeles, Calif.—The second zone is producing about 100 bbl. and 
the third one is producing about 400 to 500 bbl. In the fourth, in one place, we found 
water. How wide it will be and how far it will extend, no one knows. 


V. H. WitHEtm,§ Los Angeles, Calif—We keep books on the oil industry in Cali- 
fornia, adding our estimate of the new reserves and subtracting the yearly withdrawals. 
Estimates of reserves are our opinion of all producible oil at present prices. Naturally 
our estimates of reserves increase when the price of oil is raised. Mr. Minshall’s 
paper (p. 261, this volume) is a very careful estimate of the situation, and reflects the 
generally accepted idea that California reserves are not sufficient in view of present 
withdrawals. 


J. Jensen.—When are supply and demand going to cross each other? 


V. H. Wituetm.—Supply and demand curves are approaching each other, but I 
consider that there will be adjustments in the industry so that it is probable that there 
never will be a shortage of oil in California. These adjustments may be increased 


* A chart illustrating the close relationship between production and indicated 
demand since 1914, the fluctuation in total stocks and in the price structures for 
crude oil, gasoline and fuel oil, and the effect that shortage and surplus of supply 
have had on price structure may be obtained from the author, Mr. Hand.—Ep. 

+ Department of Petroleum Production, University of Texas. 

+ Chief Petroleum Engineer, Associated Oil Co. 

§ Chief Petroleum Engineer, The Texas Company. 


258 FUTURE DEMAND FOR CALIFORNIA PETROLEUM PRODUCTS 


reserves, due to increased prices of oil; loss of unnatural markets, such as Atlantic 
Coast and Atlantic foreign; and improvements in automobile design, necessitating 
less fuel. 


J. M. Lovesoy, * New York, N. Y.—I want to commend Mr. Hand for the excellent 
presentation of his paper. He makes conclusions appear very simple, which cannot 
always be said of economic discussions. 

Incidentally, I recently reviewed a paper prepared for the World Power Conference, 
which contained a number of tables and charts relative to the number of wildcats 
drilled over certain periods, and the amount of reserves discovered during those 
periods. It is interesting to note that so far throughout the history of our industry 
there has been a direct relation of discoveries and the number of wildcats drilled. It 
appears from the charts that discoveries depend on the quantity rather than the quality 
of wells drilled. Since 1930, owing to the depression and low prices for crude, there 
have not been as many wildcats drilled as in the preceding five-year period, and, as a 
result, we have not discovered since 19380 quite as much oil as has been taken out. If 
we fall behind in our rate of discovery, it will of course be necessary to establish higher 
prices in order to stimulate exploration. 

In California it is quite possible that we may be entering a new era of discovery. 
There have been no major discoveries in California since 1928. Admittedly, the area 
of possible productive territory in California is limited, but it seems to me that even 
that limited area offers plenty of room for new major fields. I agree with Mr. Hand 
that California need have no worry about an oil shortage, because, as he so clearly 
points out, California can refrain from shipment to the East Coast and to foreign 
countries before there will be any shortage for the local demand on the Pacific Coast. 


H. N. Marsu,t} Los Angeles, Calif.—It is unnecessary to comment on the excellence 
of Mr. Hand’s analysis, but it might be in order to question the basic data, which pre- 
sumably he has accepted from geologists. There is a great deal of practical evidence 
to indicate that the way in which a field is produced has tremendous effect on the 
amount of oil that ultimately will be recovered from it. These estimates of reserves 
are based on production practices as they were in the past, as they are now, or as they 
may be in the future. 


A. H. Bell,{ Los Angeles, Calif—No matter how inefficient we may have been 
in developing or exploiting, from a practical standpoint, all the fields that have been 
producing from the start in California are still producing and the probability is that 
all the fields will be in the picture at the time when the shortage arises and we have 
higher prices. The higher price will furnish the income to make up for the inefficiency 
in previous practice, and the ingenuity of the engineers under the higher price will 
cause us to recover just as much oil in the end as if we had operated under the most 
efficient methods at the start. Ido not think that any field is going to be abandoned 
until all of the oil is recovered. For instance, take Pennsylvania. Pennsylvania 
was out of the picture until 20 years ago, but now it has proration. It is conceivable 
that we may see the day in California when 600-ft. shafts will be sunk and some of 
these heavy oil sands that are not so deep will be mined. 

In my opinion Marsh’s question can be answered to the effect that if we properly 
estimate the amount of oil in the reservoir we will ultimately get it all out. 


H. N. Marsu.—I think Mr. Bell is academically correct, but I wonder if these 
estimates are not based on oil recovery by present practices rather than by mining. 


* President Seaboard Oil Co. of Delaware. 
} Production Engineer, General Petroleum Corporation of California. 
t General Superintendent, Continental Oil Co. 
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F. A. Moraan,* Los Angeles, Calif—I should like to ask Mr. Hand’s expert 
advice on a question that has interested me very much in the last few months. I 
have spent some time in a small town where there is no natural gas supply. A very 
good friend of mine has a fine old home. It has been the practice to make improve- 
ments in small towns such as this, of which there are thousands all over the United 
States, very slowly. For heating it has been the practice for years to struggle along 
with oakwood that the farmers bring in or with blocks that they slash at the mill. 
This provides all the fuel that is available. Apparently the real advantage of using 
oil to heat their homes has not been brought to the attention of these people. 

I convinced my friend of the logic or good business of trying a system of heating 
with oil in his home. He had never given it a serious thought. He did not have a 
basement, so he built a tank and piped in the oil and with five or six stoves he now 
burns between 400 and 500 gal. of oila year. This is the first installation of that kind 
in that town. Now his neighbor is going to try it. This man burns more of this 
oil in his home for heating than he burns gasoline measured in gallons in his car during 
the year. 

I should like Mr. Hand to suggest what it might mean if 10,000 or 10,000,000 such 
homes in the United States should use oil, particularly in districts where they would 
not be competing against the natural or artificial gas supply. 


A. H. Hanp.—Furnace heating has been to the fore on the east coast in the last 
two years. It is reported that during that period there have been over one million 
oil heaters installed in the New York metropolitan area alone. These burners, they 
tell me, consume on the average about 25 bbl. per year, which would require 25,000,000 
bbl. of furnace oil annually just for that territory. Oil heating is much cleaner and 
more convenient to handle than coal, and the price of oil so far has been advantageous 
to the consumer. There is a limited quantity of this product that can be recovered 
from a barrel of crude oil, however, and if the demand increases the price will have to 
advance to an economic level. As the product becomes more in demand, the price 
advantage that exists today will gradually disappear. It is the law of supply and 
demand again. 

Specifically answering the question, there is no doubt that oil for domestic heating 
is going to have a tremendous increase in this country. Whether or not that is going 
to occur in California, I do not know. Not, I think, in areas adjacent to gas supplies. 
There has been some movement towards the shipment of gas in containers, but the 
cost of transporting the containers has so far made it uneconomical. For an illustra- 
tion, let us take an area like Lancaster, where there is no gas available. How 
much of the population there could afford to install oil burners? Certainly not 
enough to justify the oil companies in going to the cost of additional tankage. That 
oil is off-color. It means separate tanks, pumps and trucks and costly distribu- 
tion, so that a satisfactory price for the product cannot be made unless there is a 
large demand. 

The same situation I have described for furnace oil is true for the heavier oils. 
The fuel-oil requirements of the east coast are handled by the integrated companies 
almost exclusively and practically the same situation holds true here. A large volume 
of the fuel-oil business is for ships’ bunkers. To handle that there must be terminals, 
pipe lines, and barges, which means that the smaller companies in the gasoline and 
lubrication-oil business cannot afford the cost of equipment. So it leaves the business 
almost entirely to the larger companies. And what price do they get for their fuel 
oil? Is the current 95¢ posted for bunker fuel oil a comparative price based on a 
$1.10 schedule for crude oil? You can analyze it and come to your own conclusions. 


* Geologist, Rio Grande Oil Co. 
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The price of fuel oil on the east coast today is stronger than it has been for a long 
time past, and has reached the point where a considerable number of hotels, apart- 
ments and office buildings that were using fuel oil because of cost are going back to 
coal. I believe it is the general opinion in the East that $1.50 per barrel is about the 
saturation point for fuel oil on the basis of the existing price for coal. When the 
price drops below that, they can more profitably use fuel oil. 

My own idea is that the petroleum industry should not try to supply every require- 
ment that comes along but should put a price on its products that will justify a fair 
return to the producer and let unprofitable business go to other sources of supply. 
When we do that, we’ll get a higher price for our fuel oil, our gas oil and our furnace 
oil, and will in return be able to pay a higher price for refining crude without having 
to get any more for our gasoline. 


A. H. Brtu.—One point has not been brought out here, seven or eight years ago 
a tremendous amount of fuel oil was displaced by the surplus gas that was on the 
market. The utilities, especially at San Francisco, took on the Kettleman Hills 
gas and displaced the fuel oil. 

We know that our gas supply in California is primarily from oil fields. We know 
further that the gas of any importance ceases about the time the flush production is 
over, and I would guess that 75 per cent of our oil reserves will be produced without 
any important by-production of gas. We know from other papers at this meeting 
that North Belridge and Kettleman produce 55 per cent of the gas supply of Cali- 
fornia. We have all our eggs in two baskets, and we have evidence that our major 
source is slipping, and it appears to me that we are approaching a shortage of gas even 
faster than we are approaching a shortage of petroleum. When that shortage appears, 
all the industrial load will be converted from gas to fuel oil, and we will have a pickup 
in fuel oil that will probably be of very substantial proportions. 


A. H. Hanp.—I deliberately ducked the gas problem. There is a possibility of 
new gas discoveries in California. However, if there is not, I think we are going to 
have to produce water gas, go farther to hydroelectric power or find some other sub- 
stitute, because if the crude situation is as described there will not be sufficient fuel 
oil available at a price that will justify its conversion into artificial gas. It is a diffi- 
cult subject to consider and ] do not think it has any bearing on our supply and 
demand of petroleum. 


J. Jensen.—Mr. Bell, on Oct. 9 the first Boulder Dam power will be here in Los 
Angeles, and that will come in continuously in increasing amounts. We are going to 
have an enormous amount of electricity in California, and I think that the electricity 
industry will suffer as we have because of oversupply. 


Memper.—I should like to ask about the importation of foreign oil in California. 
Is it not possible that some of the South American countries can furnish us oil at a 
certain price? As a matter of fact, if the price of oil gets too high in California, is 
there not a very strong possibility that there will be imports of foreign oil? 


A. H. Hanv.—I think the papers brought out that we have ample supplies for 
our own requirements, and before we would import much into California we would 
cut out all our exports. We now have an import tax of 21¢ per barrel, and there has 
been a great deal of agitation to double the tax to 42¢. I think that with the present 
attitude of the Government on tariffs it will be a long while before oil can be imported 
into California at a price that will enable us to refine it and reship the products. 


Future Supply of Oil in California 


By F. E. Minsyau* 
(Los Angeles Meeting, October, 1936) 


For more than 30 years California has been one of the three leading 
oil-producing states. Present daily production of crude oil under curtail- 
ment, approximately 580,000 bbl., comes from three general areas: Los 
Angeles Basin, San Joaquin Valley, and the coastal region of Ventura 
and Santa Barbara Counties. This state produces approximately two- 
thirds of its oil from eight large fields, and obtains a daily average produc- 
tion of 48 bbl. of oil per producing well, whereas the average for the United 
States is but 8.15 barrels. 

During the closing stages of the first half of 1936, discovery of the 
Section Ten oil field was made, and credit goes solely to geophysical 
work. It is the first direct important discovery of oil in California that 
may be credited to geophysics. 

This discovery may furnish the cue to the means of discovering several 
fields in California, particularly in the San Joaquin Valley. It is a ques- 
tion, however, whether returns from geophysical work will play as impor- 
tant a part in the future supply of oil in California as have our former types 
of prospecting. 


EXPLORATION 


Methods of prospecting have progressed in the oil industry through 
invention or improvement in scientific means of locating and defining 
structure and because of market improvements in drilling equipment. 
Present methods of prospecting include: 

1. A detailed study of geology in an attempt to locate structural and 
stratigraphic conditions that would be favorable to the accumulation 
of oil. 

2. Geophysical methods involving the use of the seismograph, torsion 
balance, magnetometer and electrical methods. (There is still much to 
be learned in California in the application of geophysical methods.) 

3. Use of micropaleontology as an aid in correlation. 

The principal improvements in drilling equipment are: 

1. The Schlumberger dipmeter, which determines the direction of 
formation dip in an uncased hole. 


Manuscript received at the office of the Institute Oct. 13, 1936, 
* Continental Oil Co., Los Angeles, Calif. 
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2. The geoanalyzer—an automatic electric logging device. 

3. Stratagraph—an electrical logging device used in detecting shale 
bodies through the casing in boreholes. 

4. Halliburton recorder, which records changes of formation pressures 
during formation or shutoff tests. 

5. Controlled directional drilling. 

6. Unitized rotary-drilling machinery. 

7. Wire-line core bits. 


DISCOVERIES DURING First HALF oF 1936 


Developments of special significance in California during the first 
half of 1936 were as follows: 

1. The discovery of the Padre Canyon oil field, Ventura County, in 
March 1936 by Continental Oil Co. upon completion of its well Hobson 
No. 1, at a depth of 5501 ft., producing 570 bbl. per day of 30.0°+ gravity. 

2. Completion of the first large well in the Santa Maria Valley field 
by Union Oil Co. This completion had an initial daily flow of 2380 bbl., 
16.4° gravity, at a depth of 2576 feet. 

3. The discovery by Shell Oil Co. of the Section Ten field, Kern 
County, on June 2, 1936, with its Stephens No. 1 well producing 800 to 
1000 bbl. daily, 61° gravity, 15 million cubic feet of gas, at a depth of 
7888 feet. 


PRODUCTION 


For the purpose of comparison, California’s total production for the 
year 1929 to the first half of 1936, inclusive, is listed in Table 1 in yearly 
totals and as daily averages. 


TaBLE 1.—California Total Production 


Year Towle Spl. Aviram Bbl. 
RPA. dl il olbar Nie REA SPOR tra iri cihr irns ale Pat oS AL a ae ic 292,036,911 800,101 
OS ORR Rar ine. Pee. hh Toe nee ate ae ee dee, eee 228,099,899 624,931 
DRS fa en Ace oe et MS Re ERR ae toe ee eer, Atte eae 188,829,032 517,340 
18 Dnata re deceiving he PS ale LT Ce eS eR 178,127,794 486,688 
162 fea of ree eee ON oie a er ee NE Lee 173,083,319 474,201 
Ma Sr peter cuaies duh a ecw sar cites Deon gare Ray gee Perak RE OT OR 175,678,362 481,310 
OS Basins Oe eure Stet eR UELINe Re Ne ce Ree name ane 207,899,520 569,587 
1936; first halt scx seh ates PA ee ae ee 108,160,769 594,289 


Production of oil in California has been curtailed since 1929. The 
amount of curtailment below actual potential during the period has been 
conjectural. It is certain that the differences between actual potentials 
and the curtailed rate was much less than indicated by the Umpire’s 
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figures. In other words, potentials generally and in detail were higher 
than could be maintained. During 1936 some fields, notoriously produc- 
ing wide open, could not make their allowables, let alone their potentials. 
Overproduction problems in California appear to be solved unless 
many new pools are discovered in rapid succession. 
The eight leading fields in 1935 and their total production were: 


BARRELS 

ISRO, LEMIVEL Nova IDLE Cocco nen onacaasnoonont 27,569,892 
MATS BER ASTUIITSUS. oe oo cleaves Bat, bo RIE eae acne Sine ee eae 20,243,760 
Mountain Views Prepie reek ae ce Ranchos, ota Bacto. 9,239,871 
Welt ira pAVOnlee tence sai sont epee hye cats are oe 10,986,096 
DG TOITIS ie erent ete oe cacreicts ee tn ce Cen) ee wrt Ea 7,918,492 
ELUM COMME CHCI ee aster oath eeerein, ere ees eee 15,185,343 
HON GEDCACh mene re ne ae 2 heb ela cmt te ee petra ot 26,487,238 
Sie, [hey Rpovalayers cote canis eae 6 RI ae eee ea ne ae 16,163,733 

PLO ta Seren Tome R reese kerin er emer in cane 133,789,425 
PNUZOGMETEICLO Siete yee) tele, eerie eee Pen ey 74,110,095 

pRovale@alitorniaeevrary eer dace ie tae ee heer: bets os 207,899,520 


Past PRODUCTION AND RESERVES 


Oil fields of California produced 4,566,114,288 bbl. of oil to July 1, 
1936—an average production of 45,600 bbl. per developed acre. At the 
same date, there were 149,459 acres of proved oil land in California, 
approximately two-thirds of which has been developed. Table 2 shows 


TaBLE 2.—Relations between Number of Wells and Proved Acreage in 
Principal Districts 


: Number P Mueroloond Developed 

Field erence Aerenge Meare a hee 
ROG AS 6a eee ee hres iisheort Bla be aastinaes oe Malsle, & 1,676 28,470] 18,600 igh al 
WaspAneeles Basin ncsc dsc ae scp peso tie een eons 5,631 | 18,870) 16,454 2.9 
Sanmloao min. Valley jcqitn sy. wie ste tac elas 9,530 | 102,119) 65,481 6.9 
ARON c, teeyecsen tase oat ci Gro RtS SAE RE IR MRC ACRE 16,837 | 149,459 | 100,535 5.9 


the relation between number of producible wells, proved acreage, devel- 
oped acreage, and acres per well in the three principal districts. Inter- 
esting facts gathered from the table are: 

Los Angeles Basin fields are for comparison practically fully developed 
with an average of 2.9 developed acres per well. 

San Joaquin Valley contains a large majority of undeveloped 
proved acreage. 

Facts on future supply of oil in California are gathered from all 
available sources and this mass of information is classified, correlated and 
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used as a basis in making estimates of reserves. Such data on oil reserves 
is valuable if used correctly in making general forecasts for supply and 


TABLE 3.—Past Production and Reserves of Petroleum in California 


Estimated Ultimate 


Production to July 1, 1936 Peaductan 
Estimated 
Field a as ae eee Future 
Per Production Per 
Total Proved Total Proved 
Acre Acre 


Coastal (includes mis- 

cellaneous)......... 432,783,915) 15,200] 270,363,986) 703,147,901) 25,000 
Los Angeles Basin... .| 2,182,955,349| 116,000| 569,811,923) 2,752,767,272) 145,000 
San Joaquin Valley... .| 1,950,375,024|} 19,100 | 1,875,625,077| 3,826,000,101} 37,500 


otal oar one acs eke 4,566,114,288) 30,600 | 2,715,800,986) 7,281,915,274) 49,000 


demand and in comparing past production of various fields with 
future supply. 

On the basis of an estimated ultimate production of 7,281,000,- 
000 bbl. for the state, future supply of oil in California approximates 
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Fic. 1.—Comparison OF ESTIMATES OF CALIFORNIA OIL RESERVES AND PRODUCTION. 


x in circle indicates estimates of ultimate production. 


2,716,000,000 bbl. Table 3 shows the relation between past production 
and reserves in the three principal districts. 
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No estimate of reserves for the three discoveries made during the first 
half of 1936 are included in Table 3, because very little is known as to the 
extent of these new fields. 

Most of California’s production and reserves are in the Pliocene and 
Rocks older than Miocene supply very 


Miocene rocks of Tertiary age. 


little of the production. 


TABLE 4.—Comparison of Estimates of California Oil Reserves, Annual 
Production and Cumulative Production 


Date of Estimates Ultimate Annual Cumulative 
Esti- Estimate by Production, Proved Production, Production, 
mate Oil Land, Bbl. Bbl. 

1908 | U. 8. G.8., Day, Arnold 5,000,000,000 | 48,307,000 | 250,495,000 
1909 58,192,000 308,687,000 
1910 77,698,000 386,385,000 
1911 83,744,000 470,129,000 
1912 | M. L. Requa, A. F. L. Bell | 4,225,000,000 90,074,000 560,203,000 
1913 97,867,000 658,070,000 
1914 103,624,000 | 761,694,000 
1915 | Ralph Arnold 3,041,274,000 89,567,000 851,261,000 
1916 | U.S. G.S., U.S. B. M. Sen. 

Doc. 310 3, 223,365,000 91,822,000 943,083,000 
1917 | Bur. Mines, C. H. Beal 3,300,000,000 97,268,000 | 1,040,351,000 
1918 | David White 3,364,000,000 | 101,638,000 | 1,141,989,000 
1919 101,222,000 | 1,243,211,000 
1920 105,721,000 | 1,348,932,000 
7-1-21 | Calif. Com. A. A. P. G. eae 114,850,000 | 1,463,782,000 

U.S. GS. 3,314,000,000 

1922 139,627,000 | 1,603,409,000 

7-1-23| R. E. Collom and R. M. 

Barnes 3,544,000,000 | 263,729,000 | 1,867,138,000 
1924 230,063,000 | 2,097,201,000 
1925. 230,147,000 | 2,327,348,000 
1926 | A. H. Heller 4,307,064,000 | 224,117,000 | 2,551,465,000 
1927 230,751,000 | 2,782,216,000 
1928 5,414,000,000 | 231,783,000 | 3,014,199,000 
1929 292,037,000 | 3,306,236,000 
1930 228,100,000 | 3,534,336,000 
1931 188,829,000 | 3,723,165,000 
1932 178,128,000 | 3,901,293,000 
1933 173,083,000 | 4,074,376,000 
7-1-34 | L. P. Stockman eae 175,678,000 | 4,250,054,000 
R. E. Collom 7,466,400,000 
1935 | A. A. P. G. Com 7,958,000,000 | 207,900,000 | 4,457,954,000 
V. H. Wilhelm 7,182,000,000 
7-1-36 216,000,000° | 4,673,000,000° 


ee 
« Kettleman Hills, Santa Fe Springs, Buckbee and Nordstrom zones, Elwood 


(Vaquerous zone). 
> Estimated. 


266 FUTURE SUPPLY OF OIL IN CALIFORNIA 


Table 4 and Fig. 1 shows comparison of estimates of California oil 
reserves, annual past production and cumulative production. Fig. 1 
shows that the various estimates of ultimate production occur at irregular 
intervals. Since 1923 these estimates have been increasing at approxi- 
mately the same ratio as cumulative production. Whether the sameness 
of these increasing ratios is accidental or has been used as a safety factor 
is controversial. However, withdrawals from proven reserves have been 
greater than the amount added by the discovery of new fields during the 
last seven years. 

Using 8,000,000,000 bbl. for California’s estimated ultimate produc- 
tion as a basis, a decline of estimated future reserves for the past 14 years 
has been calculated and plotted on Fig. 1. The crossing of the two 
curves, cumulative production and estimated future production, indicates 
that total past production and estimated future were approximately equal 
during the period 1932-1933. Extension of the average trend of these 
curves has been made to illustrate what the picture ahead looks like 
without making any allowance for new supply. 


CONCLUSION 


To balance California supply and demand, it is important that reserves 
be increased approximately 2,000,000,000 bbl., to approach an ultimate 
reserve of 10,000,000,000 bbl., within the next five-year period. Where 
are the additional reserves? The known oil provinces of California— 
Coastal area, San Joaquin Valley and Los Angeles Basin—where these 
future reserves are most likely to be found, probably will not be enlarged. 
Approximately all of California’s future supply will come from some 
combination of the following: 

1. Discovery of deeper sands in known proved fields. 

2. Redrilling of wells in old fields. 

3. Drilling to depths of 10,000 to 12,000 ft. deep tests in numerous 
plays, which have already been tested to depths of 5000 ft. or less. 

4. Buried structures that may be found by geophysics. 


Developments in Petroleum Marketing 
By Sipney A. Swensrup,* Memper A.I.M.E. 


THIS paper reviews the subject of gasoline margins, discusses some of 
the more current marketing problems, and gives some consideration to 
the main urges to marketing expansion, or overexpansion, in the 
oil industry. 


MarGins 


In an earlier paper!, some comparisons were shown for the years 1929, 
1930 and 1931, of the margin between the refinery cost of gasoline in 
Oklahoma, the market price in Oklahoma, and the average retail price 
in 50 representative cities of the United States. These figures indicated 
a small margin for the refiner in 1929 between his gasoline cost and the 
wholesale price, which, however, had turned into a loss by 1931. The 
margin between either refinery costs or wholesale prices and the retail 
price in the 50 cities showed a continuous decline during the three years. 

We have now worked out these figures on a similar basis for a longer 
period—from 1928 through 1936. The figures for refinery gasoline cost 
are slightly different from those in the earlier study, owing to the use of 


TaBLE 1.—Gasoline Costs and Prices at Refineries in Oklahoma 


A B Cc 
Year Profit Margin (A — B), Cents per Gal. 
Cost, Cents per Gal. | Price, Cents per Gal. 

Profit Loss 
1928 6.80 7.97 We ale/ 
1929 7.10 7.60 0.50 — 
1930 6.70 6.15 0.55 
1931 4.60 3.62 0.98 
1932 5.40 4.50 0.90 
1933 4.20 3.80 0.40 
1934 5.50 4.60 0.90 
1935 5.10 5.35 0.25 
1936 5.50 5.86 0.36 


Ne ae ae ee sl ee eee 
Manuscript received at the office of the Institute Feb. 5, 1937. 
* Assistant to the President, Standard Oil Company (Ohio), Cleveland, Ohio. 
19. A. Swensrud: Factors Affecting the Demand for Gasoline and Crude Oil over 
the Next Few Years. Trans. A.I.M.E. (1933) 103, 53. 
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more accurate data now available on crude-oil transportation and 
refinery costs’. 

The gasoline cost figures arrived at and the wholesale refinery prices 
in Oklahoma for the years in question are shown in Table 1. These 
figures show that from 1930 through 1934 the refiner paying for crude 
oil at the well price plus pipe-line tariff rates was unable to make gasoline 
at a cost as low as the prevailing refinery prices. In other words, a 
marketing company buying its gasoline in the wholesale market during 
those years had a better marketing margin than did the refiner-marketer. 

The margin between the wholesale price of regular grade gasoline in 


TaBLe 2.—Wholesale and Retail Prices* of Gasoline 


Average Retail Price of Price of Gasoline at - Margin of Retail Price 
Year Regular Gasoline in 50 U.S. Oklahoma Refineries, over Wholesale Price in 
Cities, Cents per Gal. Cents per Gal. Oklahoma, Cents per Gal. 
1928 17.90 7.97 9.93 
1929 17.92 7.60 10.32 
1930 16.17 6.15 10.02 
1931 13.00 3.62 9.38 
1932 13.30 4.50 8.80 
1933 12.41 3.80 8.61 
1934 13.64 4.60 9.04 
1935 13.55 5.35 8.20 
1936 14.00 5.86 8.24 


4 Prices are exclusive of taxes. 


2 The method of arriving at refinery gasoline costs in Oklahoma was to add together 
the well price of crude oil, the rate for pipe-line gathering and delivery into the refinery 
and the cost of processing the crude into the typical refined products indicated in the 
Bureau of Mines reports for the Oklahoma-Kansas-Missouri district. From such 
total was then deducted the wholesale value of the products other than gasoline and 
the balance of expense remaining was assumed to be the cost of gasoline produced. 

A summary of the detailed calculations are as follows (based on refining one 
42-gal. barrel of crude): 


Pr ice of pathering Process- Total ea sth yg Gal. Gaso- Cost per 

Year /8%¢ Wel’ | 86 Mar~ | peffrery | Costs |tine Prod-| ggninst [phCrege| Gallon 
1928 | $1.31 $0. 23 $0.38 $1.92 $0.50 $1.42 21.0 $0.068 
1929 1.36 0.23 0.38 1.97 0.50 1.47 20.7 0.071 
1930 1,24 0.23 0.40 1.87 0.39 1.48 22.3 0.067 
1931 0.65 0.23 0.40 1.28 0.28 1.00 21.9 0.046 
1932 0.87 0.23 0.42 1.52 0.33 1,19 22.0 0.054 
1933 0.62 0.20 0.42 1,24 0.33 0.91 la, 0.042 
1934 1.00 0.15 0.46 1.61 0.41 1.20 21.8 0.055 
1935 1.00 0.13 0.45 1.58 0.47 abe abi) 21.8 0.051 
1936 1.10 0.13 0.45 1.68 0.48 | 1.20 21.8 0.055 
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Oklahoma and the retail price of similar gasoline in 50 representative 
U. S. cities shows a steady downward trend through the whole 9-year 
period, except in 1934, when the trend was temporarily interrupted by 
the N.R.A. Code. The figures are shown in Table 2. 

As seen in these figures, the reduction in the over-all margin from 
the 1928-1930 era to the present time has been about 2¢ a gallon. It 
would be wrong to conclude that all this reduction has come out of market- 
ing. The margin shown in Table 2 is a transportation and marketing 
margin, and probably at least half the reduction has been in the item of 
transportation, either directly or in the form of crude oil, from the crude- 
oil sources to bulk stations. These reductions in transportation have 
resulted from the substitution of water, truck transport, or pipe-line 
shipments for rail shipments, gasoline exchanges among refiners, and to a 
slight extent reduction in rail rates. As for the balance of the reduction 
in margins, which has come out of the marketing end, the factors at 
work seem to be the same as those mentioned in the earlier paper, 
particularly the lower retail prices forced by the trackside and other 
cut-rate types of marketers. Also, as we shall point out later, there 
have been reductions in handling and delivery costs within the job- 
ber function. 

The story of declining margins, however, is not fully disclosed by 
analysis of regular grade gasoline alone. Declining percentage of 
premium fuel, reduction in the amount of the premium, declining relative 
consumption of oil and the gross margin thereon are contributing factors 
only slightly offset by profit margin on tires and other non-petro- 
leum products. 


MARKETING PROBLEMS 


Coming to more immediate problems, there are four essential market- 
ing questions before the oil industry: 

Who shall do the retail marketing? 

Who shall provide the capital facilities for marketing? 

What shall the gasoline price structure be? 

How much rationalization machinery in the way of codes, legislation, 
and the like shall be had? 


Who Shall Do the Retail Marketing? 


Many people seem to think that so far as retailing is concerned, the 
question of who shall do the marketing has been settled finally and com- 
pletely by the ‘Iowa Plan.” The writer was born and raised in Iowa, 
but so far as this question is concerned, he’s from Missouri. 

What is the ‘‘IJowa Plan’’? Is it merely the leasing out of a large 
proportion of major company-owned stations? No, that had been going 
on for a long time before the Iowa Plan was heard of, purely as a matter 
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of economy and to obtain the best efforts of individuals preferring to 
work for themselves. The distinction, we believe, is that under the 
Iowa Plan the major company leases out all its service stations and hence 
ceases to be a retailer or to post retail prices. 

One hears various reasons assigned for the adoption of the Iowa Plan, 
such as chain-store taxes, the Robinson-Patman Bill, social-security 
taxes, etc. All of these probably are contributing factors, but none of 
them, we believe, has been the main reason. In most states where the 
Iowa Plan has been put into effect there either were no chain-store taxes 
or none applicable to service stations. The Robinson-Patman Bill had 
not been heard of when the Iowa Plan was first put into operation, nor 
had the social-security laws been enacted. 

In so far as these measures put a burden upon salary operations which 
is not borne by individual dealers, the latter form of operation, of course, 
is promoted at the expense of the former, and service stations, being 
small, separately operated units, can be shifted over to individual pro- 
prietors, in contrast to other activities, such as refining, which requires a 
large aggregation of workers in one place whose efforts must be closely 
coordinated and carefully directed. 

The above-mentioned expense items, however, are not as important 
as the increase in service-station wages for many companies and the 
shortening of hours of salaried employees as compared with conditions 
three or four years ago. It was, of course, a vain hope on the part of 
service-station workers as a whole that, in the absence of any similar 
provisions as to individual dealers, high wage and low hourly schedules 
could be applied to company-operated stations without causing a funda- 
mental change in methods of operation. The experience of N.R.A., 
however, probably demonstrated as clearly as anything that the preserva- 
tion of the small, individual entrepreneur’s independence and right to 
work as long as he pleases for as little as he chooses, is at least as sacred 
a part of the American economic and political system as the hopes and 
demands of wage earners. 

It is noteworthy that the philosophies of these two groups come 
peculiarly into conflict in the retail end of the oil business, which is carried 
on largely in one-man units. The Oil Code sought to avoid this conflict 
by forbidding any effective change in status of operation; but even this 
could not prevail against the forces at issue, and widespread leasing of 
stations had commenced even before the N.R.A. expired. 

The foregoing factors constitute no reason per se for leasing all 
company stations, however. That practice must be attributed to other 
reasons. One of these, we believe, is the desire to get increased gallonage 
into company stations through the more personal efforts and the greater 
price flexibility characteristic of individual dealer operations. Most 
large companies seem to have concluded that they can not permit salary 


SIDNEY A. SWENSRUD Dall 


stations to grant discounts to selected customers such as truck operators, 
but must have only one price for each product. Equally strong, however, 
seems the conviction that not all customers desiring to buy at retail can 
be induced to pay the same price, and the dealer seems better adapted 
than the salaried operator to extend to certain classes of customers the 
necessary commercial discount. 

The last, and perhaps most important reason for leasing all stations 
is the fact that thereby the company ceases to have any direct responsi- 
bility for retail prices and consequently for the dealer margin. So long 
as a company sells both to dealers and at retail it must establish both 
dealer and retail prices, and by definition the differential between them, 
which is the dealer’s margin. By and large, however, the dealer wants 
a wider margin, and is often persuaded that if his supplier would only 
raise the retail price without increasing the dealer price no harm would 
be done and he would have his much desired extra margin. Naturally, 
few things would appeal to the major company supplier operating retail 
stations more than to have a higher retail price, but long experience has 
made it clear that too high a retail price brings its own penalty through 
the opportunity it gives for open price cutting on the part of trackage 
stations and the like, and for secret discounting on the part of all other 
types of marketers. 

It is often difficult, however, to convince dealers of the reality and 
importance of these price-making forces, and since the question of margins 
tends to become a semipolitical one, some people think there is an advan- 
tage in allowing retail dealers to settle for themselves the question of 
what the retail prices are to be, the major companies terminating their 
interest in price with the sale and delivery of the gasoline to the dealer, 
thereby divesting themselves of the whole responsibility for retail prices 
and dealer margins. 

If this last consideration is one of the main reasons for the complete 
leasing out of stations, it is perhaps pertinent to examine the question of 
whether the major supplying companies can thus easily shed the responsi- 
bility for dealer margins and can divorce themselves from all interest in 
and concern with retailing and retail prices. We do not believe they can. 
Certainly the assumption that the dealer under the competitive system 
can in some way fix the retail price to his own liking involves a new 
concept of price determination; namely, that the competitive forces here- 
tofore operating to determine retail prices are no longer effective. Per- 
haps, however, this misconstrues the question, for probably it is not so 
much that the major companies believe that the dealers can arbitrarily 
determine the retail price level as that the dealers have previously believed 
that the major companies could do this and have insisted upon holding 
them responsible for retail price levels, and hence that it is better that the 
dealers should be allowed to find out for themselves the reality of the com- 
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petitive retail price-making forces. In any event, it would seem that in 
the end the conclusion will become fairly well established that under the 
competitive system retail prices are beyond the arbitrary control of either 
dealer or supplier, but are fixed by the competition among all types of 
marketers and by the fundamentals of supply and demand. When this 
conclusion is reached it is hard to see how the suppliers will have escaped 
from any responsibility they previously appeared to have for the width of 
dealer margins, because they will still be establishing the price to dealers 
and the difference between this and the actual retail prices will be the 
dealer margin. Furthermore, if experience in other lines of retailing is 
any index, retail dealers will be urging upon their suppliers efforts to 
maintain resale prices of their respective brands, so as to protect one 
retailer against the price cutting of other marketers handling the same 
kind of merchandise. 

Some advocates of the Iowa Plan believe that by eliminating the prac- 
tice of basing the dealer price on a certain amount or margin under the 
service-station price whatever it is, the price to dealers henceforth will be 
freed or insulated from the retail price level, instead of being borne down 
immediately when any reduction in the retail price takes place. But to 
suppose that the dealers’ supplier in the face of reduced retail prices would 
fail to cut his price to dealers, to whatever extent seemed necessary to 
protect them, is to suppose that the whole nature of the industry has 
undergone a fundamental change. For it must be realized, we believe, 
that the typical major oil company regards its jobbers and dealers as its 
marketing representatives. As one authority puts it in a letter: ‘‘They 
(the major companies) frankly state that jobbers and dealers are their 
distributing facilities and that they will give them any margin that is 
necessary to keep them in business. . . . Under the Iowa Plan, therefore, 
while the tank-wagon price superficially may be somewhat more stable 
than the present marginal price, it will not be any unyielding Rock of 
Gibralter. . . . When, under the Iowa Plan, competition among mar- 
keters cuts the realized price down to a point which would mean economic 
funerals among the dealers, their suppliers either directly or indirectly 
will protect them. There will be cutting of the tank-wagon price, either 
open or secret, or special concessions.” 

What, then, is the significance of the Iowa Plan? Being still from 
Missouri, we doubt that it represents any real solution of marketing prob- 
lems. Yet it must certainly be considered as a response to some rather 
strong impelling forces. In a sense it is, we believe, a logical conclusion 
of developments that have been under way for a number of years. It has 
become trite to call attention to the overexpansion of oil-marketing facili- 
ties, and most people have sensed that in some way this overexpansion 
has been, at least in part, the result of ulterior forces rather than merely 
the attraction of marketing profits as such. We shall examine this 
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question further, but at this point we may say that the urge for marketing 
expansion originates largely in pressures and profits in other parts of 
the business. 

Such an overexpansion of marketing made the costs of marketing very 
high. And the attempt to keep prices high enough and margins wide 
enough to cover these bloated costs created, in turn, a splendid oppor- 
tunity for open price cutters in the form of trackage stations and the like. 
There developed, therefore, a conflict between prices and costs, focusing 
in the dealer and jobber margins. The margin must be wide enough to 
keep the overexpanded distribution facilities going; on the other hand, cut 
prices must be met or the necessary volume of business would be lost. 
Some major companies tried to solve the latter part of the dilemma by 
selling to the price cutters as well as through their own distribution systems. 

The dealers and jobbers, like the independent refiners, however, have 
no ulterior motives for their operations; consequently they are interested 
solely in marketing and refining margins as such. The dealer demands a 
wide enough margin on which to operate and make a little money. The 
supplier says, ‘‘ We cannot get the retail price high enough to give you the 
margin you would like to have.” The dealer replies, ‘‘Then give me a 
cost price low enough so that at the retail price you think is necessary I 
will have sufficient margin.” But this would often mean a dealer price 
so low as to leave no profit for refining or for the jobbing end of the busi- 
ness. Nevertheless, the independent marketer points out that on sales 
through its own operated stations the integrated company nets back, 
after deducting expenses, a far lower amount per gallon than that at 
which it sells to its distributors, and the latter says, “Give me that net 
back price and I will be satisfied.” 

More and more the independent distributor’s attack has centered 
upon the allegedly subsidized marketing of the major companies through 
their own retail outlets. Some data on what the major companies’ own 
retailing expenses have been are available from scattered sources. One 
of these is an analysis of Retail Distribution by Filling Station Chains, 
made by the Bureau of the Census for 1930. The figures covered a total 
of 864 chains operating 30,058 stations; 24,085, or approximately 80 per 
cent, of these were operated by sectional or national chains, presumably 
mostly integrated companies, the remaining 20 per cent being in local 
chains, defined as stations located in and around some one city. The 
expenses were not shown separately for the different types of chains, but 
we believe the proportion of major company-operated stations is so large 
that the figures may be considered representative of such operations. 

The expenses reported amount to 23.77 per cent of sales. These were 
the retail expenses only. Quoting from the report, “It is strictly the 
operating expense of the stations and does not include tank truck trans- 
portation to the stations, nor central office administrative expense.”’ It 
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did not include interest on capital invested, or on owned land, although 
44 per cent of the stations were on owned rather than leased premises. 
The rent on the leased premises averaged 6.23 per cent of sales, or 
approximately 1.25¢ per gallon on gasoline sales. 

Applying to gasoline sales the proportion of the total expense that such 
gasoline sales represented of the total sales (i.e., 85.02 per cent), it is 
found that to market the average gallon of gasoline through these stations 
cost about 4.90¢ a gallon’. If a reasonable amount were added for 
interest on owned stations, we believe it is safe to say that the total 
retailing cost per gallon would be around 5.5¢. Costs at 500 to 600 
service stations operated by 10 oil companies in Cleveland in 1931, 1932 
and 19334 and for 117 stations in Allen County, Indiana, operated by 
dealers and companies in 1934°, showed average retailing expense appli- 
cable to gasoline of from 5.86¢ to 4.61¢ per gallon of gasoline sold. 

In all of the cases studied it is notable that the costs of retailing appli- 
cable to gasoline were far higher per gallon of gasoline sold than the 
margins usually allowed to retail dealers, which ordinarily run from 
3.5¢ to 4.0¢ a gallon. 

As dealers have become more conscious of their position in the 
industry, the status of these high-cost, integrated-company retailing 
operations has become more and more embarrassing. Since the purpose 
of such retailing for many integrated companies evidently has not been 
primarily to make profits in marketing as such, the failure to make profits 
thereon has operated to only a negligible degree, if at all, to restrict the 
further expansion of service-station building by these same companies. 

But however determined these companies may be to go on acquiring 
stations in order to have assured outlets and extra sales, it would be 
desirable to avoid some of the heavy losses on the operation of the stations 
if possible. Furthermore, to continue building more stations to be oper- 
ated at a loss has the appearance of an untenable proposition, and one 
that naturally makes its sponsor highly vulnerable to political and semi- 
political attack by independent marketers that have entered the market- 
ing field for the sake of making a profit in it. It should not, of course, be 
inferred from this discussion that no large company’s marketing opera- 


* This being 23.77 per cent applied to an estimated price of 20.6¢ per gallon 
received for retail sales of gasoline in 1930; this price is based on 19.95¢ a gallon for 
regular grade gasoline (the average price shown in the A.P.I. index for 50 U. S. cities), 
and 22.95¢ for premium grade gasoline, estimated at 20 per cent of total sales, as 
reported in the National Petroleum News (Apr. 15, 1931) 95. 

‘For Cleveland figures see brief of Labor Sub-Committee of the Planning and 
Coordination Committee under the Petroleum Code, entitled Modification of Labor 
Provisions of Petroleum Code, exhibits R-1, R-2 and R-3; or Nat. Petr. News (Sept. 
5, 1934) 15. : 

* For Indiana figures see Final Report of the Marketing Division of the Petroleum 
Administrative Board, 55, Table 4, issued in June 1936. 
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tions are profitable as such. A number of companies that came into the 
business originally as marketers or as marketers and refiners carry on 
marketing operations on a profitable basis. 

But to return to the general status of integrated company retailing, we 
may summarize by saying that there have been several logical reasons for 
these companies withdrawing from direct salary operation of their retail 
outlets. First, to save money—a reason that becomes more important 
as gallonage per outlet declines, as wage and hour conditions for salaried 
employees become more rigid and chain-store and employee taxes tend 
to be added; second, to gain increased volume through the more flexible 
price policy of the individual dealer; third, to escape immediate responsi- 
bility for dealer margins; and fourth, to avoid criticism and attack on the 
vulnerable point of subsidizing unprofitable marketing operations. 

To assume, however, that the Iowa Plan indicates that the integrated 
companies are retiring from marketing or that the Iowa Plan has solved 
their marketing problems in any important way, is unjustified: When 
major companies cease to build new stations and when they sell, not 
merely lease for short periods, the stations they already own, then, and 
not until then, will they have withdrawn from retailing. In the mean- 
time, they have merely substituted a less expensive and perhaps a less 
burdensome and vulnerable method of operating the stations they do 
own. But it must not be overlooked either that one of the expenses of 
operating these retail stations will continue to be the difference between 
the integrated company’s cost of owning and maintaining these stations 
(including interest on the investment, taxes, assessments, repairs, paint- 
ing, depreciation, ground rent paid, administration, accounting, and all 
other expenses connected with these properties) and the rent received 
from the dealers to whom the stations are leased. This, we feel certain, 
is and will continue to be a very large item. 

But if our analysis is true, there would seem to be little reason for a 
company whose retail operations are on a sound and profitable basis to 
adopt the Iowa Plan, albeit it may find it well worth while to lease a 
goodly number of its stations to capable and enterprising individuals. 


Who Shall Supply the Capital Facilities for Marketing? 


We have suggested that there is as yet no indication that major com- 
panies are withdrawing from the ownership of stations, but are con- 
tinuing to build more stations. While there are no readily available 
statistics covering the last two years, it is a fair observation that, if 
anything, the major companies have spent or supplied more money for 
the building of new stations during the last two years than for any 
previous similar period in a long time. 

So far as the general increase in the number of outlets during the last 
several years is concerned, that is evidenced by figures from the Bureau 
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of the Census. For 1929, the Bureau reported a total of 124,038 filling 
stations. In 1933, the Bureau’s figure was 170,404. For 1935, a special 
census report indicated that the total had reached 196,649, an increase 
of about 15.4 per cent over 1933. 

The investment of major companies in retail marketing is not, of 
course, limited to owned stations. It has included practically all of 
the storage and dispensing equipment for gasoline and oil at the dealer 
and other outlets handling these companies’ products. The pre-N.R.A. 
voluntary Federal Trade Commission Code tried to limit the expansion 
of this practice by prohibiting it in areas where it was not already in 
vogue. To some extent this was nullified by the practice, which soon 
developed, of major companies leasing the larger dealer outlets and then 
re-leasing them to the dealer or making him the company’s ‘‘agent,” 
under which arrangement it was deemed proper for the supplying com- 
pany to furnish pumps, tanks and other equipment. When the N.R.A. 
Code was adopted a broader prohibition on the loaning of equipment was 
included, but where loaned equipment was already installed it was 
allowed to remain and to be kept in good repair by the owner even to the 
point of being replaced with equipment of the same kind. 

Since the expiration of the Code there has been considerable furnishing 
of new equipment. Thus far, however, such new equipment, which is 
very expensive, has been furnished principally to the more important 
dealer locations, and the question of who is to replace the equipment in 
the smaller dealer locations is still to be determined. 

In addition to building stations of their own and furnishing pumps 
and tanks to dealers, the major companies have supplied considerable 
cash to dealers to finance improvements and new construction. Such 
money usually is loaned in connection with obtaining a mortgage and a 
long enough lease so that the major company is reasonably secure in 
getting its money repaid and in enjoying the dealer’s increased business 
in the meantime. 

We do not see, then, any evidence that major companies are supplying 
any smaller proportion of the capital put into marketing expansion than 
they formerly did. If anything, the proportion as well as the amount 
supplied by major companies probably is increasing. 


What Shall the Price Structure Be? 


One of the questions concerning price structures that has been in 
considerable confusion is what the jobber margin, or the relationship 
between the price to dealers and the price to jobbers, shall be. This 
margin has varied as widely as the views concerning it. In certain places 
within the last year or so, it has been as low as 1.25¢ a gallon; in other 
places as high as 2.50¢. 
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On the whole, the tendency seems to be for jobber margins to center 
around a figure of about 2¢ a gallon. This probably would mean a slight 
narrowing of the jobber margin as compared with the recent past, and 
in view of this and of the varying views and practices concerning jobber 
margins, it may be interesting to see what the jobber function consists 
of, what changes have occurred in it or are occurring, and how actual 
jobbing costs compare with the margin toward which we seem to be 
tending, of 2¢ a gallon. 

Historically, the jobber function has been very clear, and whether 
it was performed by the jobber or by the major company, it was worthy 
of its hire. It consisted of receiving gasoline in tank-car lots, unloading 
it into bulk-station tankage and then rehauling it in small delivery trucks 
to retail dealers and to consumers taking tank-truck delivery. All this 
involved a rather substantial evaporation and handling loss. A similar 
warehousing and delivery function was performed with respect to motor 
oil and other merchandise. Usually the jobber function also included 
the furnishing of dispensing equipment to the dealer, keeping it painted 
and in good repair. It also included the maintenance of a selling force 
and it included advertising and sales promotion. Finally, it included 
the administrative, clerical, and collection work and the bad debt losses 
incidental to the performing of these selling, delivery and equipment- 
furnishing functions. 

To what extent have changes taken place in the nature of the jobber 
function? The trackside station, to a limited extent, tended to eliminate 
the jobbing function, but the trackside type of marketing never was a 
potential substitute for more than a small part of the conventional type 
of marketing because the public as a whole could never have been served 
by trackside stations alone. The necessity of the jobbing function, 
as here described, being performed by someone, therefore, can hardly be 
controverted so far as the major part of the marketing job is concerned. 

In warehousing and delivery have occurred and are occurring a 
number of changes that probably are rather far reaching. The old method 
of gasoline-out-of-tank-car-into-large-storage-out-into-small-inefficient- 
trucks is being supplanted by more modern methods. Most refinery 
suppliers, through additional refineries, gasoline exchanges, or water 
terminals, have major sources of supply much nearer their average jobber 
location than when shipments were made from relatively distant refinery 
points. There was little chance, then, of deliveries being made in trans- 
port trucks direct into bulk-station storage or into retail or consumer 
storage. More and more, however, the latter kinds of deliveries are 
becoming prevalent. With transport deliveries the jobber does not need 
to maintain as large storage facilities as formerly: the average transport 
holds only about one-half as much as a tank car, and this can be carried 
in several compartments. The lower bulk-station inventories thus made 
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possible reduce the investment in storage capacity and stocks, and lessen 
handling expenses. 

Deliveries from bulk stations to retail and consumer outlets also have 
become less expensive. The modern truck is a light, speedy and eco- 
nomical vehicle compared with that of yesteryear, and through improved 
facilities more rapid loading and unloading is possible. Unfortunately, 
the small quantity that the average dealer can pay for at one time 
seriously reduces the economies that could be effected if the credit risk 
were not a factor. 

No great change has occurred in selling, but there is a tendency to 
equip salesmen with panel delivery cars in which they can carry along and 
deliver many non-gasoline items. Some who have tried it believe this 
system makes for more efficient sales effort and real economies in delivery. 

So long as the practice continues, of not furnishing new equipment 
to all dealers, there is a lessening in these costs; on the other hand, the 
new equipment is more expensive, so it is doubtful whether any permanent 
reduction can be counted on. 

As for advertising, the expenditures by the average jobber have been 
considerably lessened, for, whereas he formerly tended to distribute under 
his own brand name and did his own advertising, he now typically handles 
the branded product of some major company which does most of the 
necessary advertising. 

What, then, is the cost of performing the present-day jobbing func- 
tion? The writer, in attempting to answer this, has examined a number 
of expense figures, among them those of a small jobbing company handling 
about a million gallons of gasoline annually. The total expense in 1936, 
covering all the items enumerated above, was approximately 1.65¢ per 
gallon of gasoline sold. Gasoline sales represented about 86 per cent of 
the total sales, and if the same proportion of the expense is attributed to 
the handling of the gasoline the expense per gallon was about 1.45¢. 
For another company handling about the same amount of gasoline the 
total expense attributable to gasoline handling was 2.35¢ per gallon of 
gasoline sold. For a much larger jobber operation, the expense in 1935 
attributable to gasoline, on the same basis as worked out above, was 
approximately 1.38¢ per gallon. In all these cases the expenses included 
were those incurred only in performing the jobbing function and did not 
include expenses incurred for the operation, ownership or maintenance 
of any retail stations. 

The foregoing figures should indicate the range of most jobber costs 
applicable to gasoline. There are always extremes at both ends, but 
prices and margins cannot cover all of the extremes. It seems fair to 
conclude that a well conducted jobber enterprise should be able to perform 
the jobbing function and have a reasonable profit left out of a margin of 
2¢ a gallon between the dealer and jobber price. We. believe that in 
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many instances the higher costs of which jobbers complain have been 
really incurred in the operation of their retail stations, many of which 
probably are costing a substantial amount in the way of net rent even 
though leased out to dealers. 


Price Structure for Consumers on Tank-truck Deliveries 


Another subject about which there is much conflicting thought at the 
present time is the relationship between distributors’ prices and the 
prices to various types of consumers taking tank-truck delivery. One 
school of thought is that it is unfair for a refiner to make truck deliveries 
direct to a large consumer at a price below that charged to a dealer. 
Moreover, it is maintained that the price to commercial consumers, even 
very large ones, ought to be enough above the price to jobbers so that the 
latter would have a chance to sell such accounts. 

The extreme case is the very large commercial consumer taking, let 
us say, transport deliveries of the most efficient sort, made direct from 
refinery or terminal, with no bulk-station handling or delivery in small 
retail trucks. The big commercial consumer has no interest in the refiner 
spending money to attract the ordinary passenger-car owner; furthermore, 
he need not be furnished with any elaborate storage and dispensing 
equipment. Often he has his own equipment and the style element is 
not important. The initial selling expense in connection with such busi- 
ness is low on a per gallon basis, and salesmen need not revisit such a 
consumer to acquaint him with sales-promotion material and so forth, 
and the credit of such a customer ordinarily would be good. 

It is difficult to see why the prices to such consumers should not be 
considerably below the regular dealer’s price. On the other hand, few if 
any of these savings apply to a small delivery to an out of the way con- 
sumer, where the gasoline may have to be carried, say in buckets, from 
a small tank truck into a barn or garage. For such a delivery the dealer 
price would seem to be too low. 

It is difficult, therefore, to see how oil companies can escape the 
necessity of having a price structure for consumers taking tank-truck 
deliveries which, depending on quantity and method of delivery involved, : 
will include prices ranging from somewhere near the tank-car or jobber 
price up to or above the dealer price. 


How Much Rationalization Machinery Such as Codes and Legislation 
Is Needed? 


In 1929, the industry adopted a voluntary code of marketing practices 
approved by the Federal Trade Commission, which was supplanted by 
the N.R.A. Code. Since the latter was declared invalid, the main effort 
of those particularly interested in code activities has been to get a new 
code approved by the Federal Trade Commission. Unlike the conditions 
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prevailing when the original code was adopted, however, various groups 
have now developed in the marketing end of the industry, causing greater 
difficulty in arriving at any unanimity of opinion as to what a new code 
should contain. 

Other measures are under consideration, which might be termed 
rationalization efforts. One or two state legislatures are investigating the 
advisability of declaring oil marketing a public utility, with prices and 
other matters regulated. North Carolina is considering the operation of 
a state-owned gasoline terminal. Further development of the Robinson- 
Patman type of Federal legislation also is under consideration, including 
proposals to prohibit companies supplying resellers from selling direct 
to consumers and to divorce manufacturing from retailing. Most of 
these proposals probably represent an attempt at stabilization and at 
penalizing large-scale operations. While many of the proposals apply to 
industry generally, the oil business seems singled out for special consider- 
ation in some cases. Probably this reflects to some extent the unsettled 
condition of gasoline price structures and margins that has prevailed in 
various parts of the country during the last two or three years, and the 
efforts of those adversely affected to gain relief through legislative means. 
Perhaps the oil industry has not fully awakened to the vested interests 
on the part of jobbers and dealers that have been created through the 
tremendous marketing expansion that took place under the wide margins 
of former years. Any rapid change in price structure and margin condi- 
tions, therefore, that may seem economically sound must be tested also 
from the standpoint of its social and political wisdom, lest the measures 
intended to embody the very concept of free competition tend instead to 
destroy it. 

It appears to us that it would be helpful if there were something in 
the way of a code that could provide an opportunity for all groups in the 
industry to discuss these matters and try to arrive at some definition 
of the basic factors involved in price structures and other marketing 
problems, and to give renewed support to the policy of publicly posted 
prices as contrasted with secret prices. This should not be viewed as an 
attempt to freeze the price structure into some given mold, but rather of 
enabling the industry to adjust its operations and customs to changing 
conditions in a more satisfactory and graceful manner than is likely to be 
possible without some such machinery. 


Wuat ArE THE Main UrGEsS TO MARKETING EXPANSION? 


It is commonplace to point at the obvious overexpansion of marketing 
facilities in the oil business. Sometimes such overexpansion is attributed 
to the stupidity or overzealousness of marketing executives; this explana- 
tion is patently insufficient, since oil men are not different from other men, 
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We have suggested that in the developmental stage of the gasoline 
business margins were so wide as to attract much capital from independent 
marketers, who built individual stations or went into the jobbing business, 
or both. The wide margins of that period seemed attributable to the 
fact that demand for gasoline distribution was advancing more rapidly 
than it was being adequately supplied. But this reason long since ceased 
to exist, for not only are there now more than enough outlets for gasoline 
but the wide margins of former years have pretty much vanished. 

The pressure of crude oil on the part of production companies that 
were not certain they could sell their crude at satisfactory prices and that 
felt it necessary therefore to go into refining and marketing also has been 
mentioned. Undoubtedly this crude-oil -pressure was an important 
factor in former years, but it is doubtful whether under present-day 
production control many production companies are seriously concerned 
about their ability to dispose of their crude oil as such at satisfactory 
prices. The pressure of crude, therefore, does not appear to answer the 
continuing expansion of retail marketing facilities, which, as we have seen, 
is now being so largely financed by the integrated companies. It is clear, 
we believe, that not many of these integrated companies are making 
marketing profits as such on their present retail operations or investments, 
and we doubt whether they expect to do so on the new retailing facilities 
they are building or financing. 

The obtaining of nation-wide distribution to improve the brand name 
and to obtain fuller advantage of national advertising programs is another 
reason sometimes suggested, but it would seem to fall somewhat short of 
being a satisfactory motive for investing more money in an already 
unprofitable type of operation. 


Low Extra Cost of Additional Gallon as Motive 


There is another possible explanation of this overexpansion phe- 
nomenon; that is, the low cost to an integrated company of getting the 
extra gallon of gasoline (or other oil products) to the point of sale, and, 
therefore, its great attractiveness. A consideration of the extra expenses 
incurred by an integrated company in getting this extra gallon to market 
indicates that they are so low, in relation to the average expense per 
gallon or to the aggregate expenses incurred serially by nonintegrated 
branches of the industry, as to make these last gallons extremely profit- 
able to the integrated company. 

So long as there is flush production, artificially restrained by produc- 
tion-control machinery, companies having production in flush areas can 
produce extra barrels of crude at a very low cost. It does not follow, of 
course, that a company’s allowable production would be increased by its 
being able to use a larger volume of oil itself, but we believe there would 
be some general tendency in this direction. At any rate, the more oil 
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products a large company can sell and the more crude it can use, the larger 
the scale of its crude production operations can be, and a study of crude- 
oil costs indicates that on the whole the larger companies have lower 
crude-oil production costs than the smaller companies®. An analysis 
of the costs of production, by items of expense, also indicates that by far 
the greater part of the expense is indirect, especially in flush fields, but 
also in settled areas. 

To what extent an integrated company can regard additional gasoline 
sales as a means of achieving lower over-all crude costs, and may, there- 
fore, consciously or unconsciously, attribute a substantially lower than 
average crude cost to additional gasoline sales, we do not know. The 
answer depends upon the opinion of the integrated company in question 
as to its ability to sell extra crude oil as such at a satisfactory price, and 
as to whether its allowable production would or would not be increased 
by its having additional use for crude in its own operatians. We believe 
it is safe to conclude, however, that to some extent some companies are 
influenced in the direction suggested. 


Incremental Pipe-line Costs 


It is in the pipe-line department that the low incremental cost theory 
finds its best support, for within the available capacity of a pipe line the 
extra cost of pushing through another barrel of crude oil or gasoline is an 
almost insignificant consideration. A study of over-all pipe-line costs, as 
reported to the Interstate Commerce Commission by most pipe-line 
companies, shows practically no relationship between total costs reported 
and volume of oil transported. In some cases where volume has increased 
the total costs have even gone down. We do not mean to suggest that 
costs are not increased by additional throughput, for of course they 
are, but it would appear that other items are more important in deter- 
mining total expense than the throughput, within reasonable limits. The 
reason, of course, is plain. The only extra expense of any consequence 
is the extra pumping cost. A study of a number of the expense reports 
submitted to the Interstate Commerce Commission indicates that the 
direct pumping cost is less than }4¢ per barrel per hundred miles. Fora 
movement of, say, 700 miles—for example, as from Oklahoma to the 
Chicago area—the extra pumping cost would be only about 3.5¢ per 
barrel, or less than 0.1¢ per gallon. 

It is interesting to compare this marginal or incremental cost on the 
last gallon with other costs and rates. <A study of the costs reported 
by some of the major pipe lines running from the Mid-Continent to 
Chicago indicates that the average pipe-line cost per barrel for this 
movement is between 15¢ and 20¢ a barrel. The pipe-line tariff that 


® See Tables 86-90, U. S. Tariff Commission Report No. 30, Second Series, and 
Department of Interior Study of Crude Oil Costs 1931-34. 
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would be paid by an independent refiner on the last unit he shipped is 
about 40¢ a barrel, or approximately 1¢ a gallon on crude oil, and the pipe- 
line tariff on gasoline from Oklahoma points to Chicago is now, we 
believe, $1.025 a barrel, or about 2.35¢ per gallon. The rail rate on 
gasoline from Oklahoma points to Chicago is about the same, and the 
gasoline price structure in general, of course, is based upon the costs of 
rail transportation. 

If the element of low extra cost for the additional gallon applied only 
in the pipe-line department, it can readily be seen that the low costs of the 
extra gallon in this department alone would provide a strong incentive 
for an integrated company owning its pipe lines to seek additional sales 
of gasoline and to build new retail stations, if necessary, to get the 
extra gallons. 

It might seem that these observations would apply only to extra 
capacity in a given pipe line already existing. The fact is, however, that 
the maximum capacity of a pipe line is a somewhat flexible quantity, for 
there are several ways in which pipe-line capacity can be stepped up 
(through additional pumping facilities or by adding additional lines for 
part of the distance between pumping stations) without requiring a com- 
pletely new line. Of course the extra costs applicable to the extra 
business under such conditions would be higher than where no additional 
capacity was necessary, but even so it would be substantially less than 
the average cost of all oil through the line, and, of course, far less than 
pipe-line or rail tariff rates. 


Refining Aspect 


The company that has extra refining capacity can put through extra 
barrels of crude at an additional cost per barrel probably not in excess of 
one-half of the average refining cost per barrel. The exact ratio of 
additional to average costs will vary, of course, on account of many 
factors, including the question of whether royalties are paid, and if so, 
whether as an over-all amount or an amount per barrel processed. Proba- 
bly most integrated refiners, however, would not be paying much royalty 
on a per barrel basis. The main expenses incurred, in refining extra 
crude within available capacity, are fuel, treating chemicals, and tetra- 
ethyl lead for gasoline, if so treated. To this would have to be added 
something to cover extra labor and repairs that might reasonably be 
attributed to the extra throughput and the possible impairment of 
by-product prices that might result from increasing their supply. 

As for the question of being able to increase the refining capacity 
without building an entirely new unit, this would vary with the question 
of the limiting factors. Flexibility of capacity or ease of increasing it, 
however, would, we believe, be somewhat smaller than for pipe lines. It 
is true, however, that in building a refinery in the first place the capital 
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cost per barrel of extra capacity is much lower than the average cost per 
barrel, and the same would be true of the extra operating expense for 
running the extra throughput in the larger unit. Thus there is a tempta- 
tion in building a refinery to make it somewhat larger than the business 
definitely in sight would require and the extra capacity then, in turn, 
provides the basis for the incremental cost factor here under discussion. 


Marketing Aspect 


When it comes to the jobbing or wholesaling end of the marketing 
operation, we believe the incremental factor is relatively low. The cost 
of selling and delivering the extra gallon is less than on the average 
gallon, to be sure, but the difference is relatively small as compared with 
the relative cost of the extra unit in the pipe-line or refining departments. 
For, generally speaking, distributors do not maintain more delivery trucks 
than they need to take care of the existing business, nor can additional 
accounts usually be added without directly adding to selling and equip- 
ment costs. The chief economy, therefore, would be in the small element 
of administrative and warehousing expense. 

As for retailing, the marginal factor undoubtedly is very important— 
to the retailer. There are few stations that could not handle extra 
gallons with very little additional expense. Considering, however, that 
few integrated companies are still operating retail stations on a straight 
salary basis, they would not have much incentive to try to get extra 
gallons on account of the retailing margin as such. Their interest, for 
the most part, now ends with the sale to the jobber, retailer, or other 
customer taking tank-car or tank-truck delivery. 

Let us see what the cost of the extra gallon, delivered to a dealer at 
some hypothetical point, on the basis of some of the factors we have 
been discussing, might be as compared with the full costs on which the 
price at the point in question might be based. For a determination of 
the latter, we may take the refinery price in Oklahoma of regular grade 
gasoline, which may be assumed as 5.75¢ a gallon; add to it a freight item 
of, say, 2.30¢ and a wholesaling margin of, say, 2¢—a total of 10.05¢ a 
gallon. Let us assume, for round numbers, that the price to dealers at 
such point is 10¢ a gallon, exclusive of taxes. At what cost, then, could 
an integrated company deliver to such point an extra gallon of gasoline? 

If we assume no incremental cost factor in respect to crude but start 
out with a posted crude price of, say, $1.10 a barrel and add to this 
one-half of the ordinary gathering charge on crude and one-half of the 
processing cost at the refinery, we might then assume a basic gasoline cost 
in Oklahoma of about 4.20¢ per gallon’. If to this we add the extra 


7 Based on 1936 figures for refinery costs, as shown in footnote 2; adjusted for 
lower gathering and refining costs as described above. 
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pipe-line cost for transporting this extra gallon—i.e., about 5¢ a barrel, or, 
say, 0.15¢ per gallon—and if to this we add, say, 1.50¢ as the extra whole- 
saling cost on this extra gallon, we arrive at a total of 5.85¢ a gallon, or 
4.15¢ under the 10¢ price. Should we use as a starting point the average 
crude oil cost of the integrated company instead of the crude oil price, 
probably we could deduct at least another cent from the delivered cost 
of the extra gallon, because such average cost of crude-oil production, we 
believe, would be more than 20¢ a barrel under the present selling price 
of crude. 

From the foregoing figures it would appear that there is a tremendous 
temptation upon the integrated company to obtain some of these low-cost 
extra gallons even though the final realization for them had to be some- 
what lower than on the average sales. Of course, if the extra gallons 
were sold at an outrightly lower price in such a way as to break down the 
entire price structure on all the gallons, the desirability of the extra 
gallons would be greatly reduced. It would seem logical then to expect 
to see extra gallons striven for in two ways: first, by actual price con- 
cessions in areas of the market where low prices were less likely to infect 
the whole market. Sales direct to large consumers, including govern- 
mental units and public utilities, would seem to come nearest to fulfilling 
these requirements, and it is indeed in connection with such sales, we 
believe, that low prices have been most prevalent. On the other hand, 
it would seem logical, in areas of the market where cut prices tend rapidly 
to infect the whole structure, to expect to see the extra gallon striven for 
through the creation of additional retail outlets rather than cut prices, 
and here again the facts seem to bear out the logic. 

It may be questioned, however, whether the urge for the extra unit 
of sale is any greater in the oil business than in other industries. We 
believe it is, for a number of reasons. In the first place, the degree of 
integration is greater in the oil business, we believe, than in practically 
any other. Therefore, an integrated company desiring to obtain extra 
gallons on account of low incremental pipe-line or refining costs on such 
extra gallons can reach directly into the market for them by creating addi- 
tional retail outlets. 

In the second place, we believe the ratio of direct to indirect costs is 
smaller in several departments of the oil business than is generally true 
in industry. The best example of this is, of course, in the pipe-line 
division. The ratio of direct cost to total cost is low in most transporta- 
tion operations; on railroads, for example, and especially in taxicabs, 
where the cost of hauling an extra passenger evidently is presumed to be 
nothing flat. With the exception of certain of the heavy-goods indus- 
tries, such as iron ore, the oil industry is about the only one in which 
integrated companies within the business own the principal means of 
transporting the products. In industries for which the transportation 
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is performed by an outside agency, the cost to the shipper is the same on 
the last unit as on the first. The ownership of shippers by railroads was 
long ago eliminated, of course, by the Commodities Clause of the Inter- 
state Commerce Commission Act. 

If these observations as to the economics of the extra gallon are 
correct, we believe that this factor may be put down as a very influential 
one in helping to explain some of the price phenomena of our industry 
and the seemingly insatiable expansion of retail outlets in the oil business. 
This brief analysis and speculation has merely scratched the surface 
concerning this subject, of course; it is one that we believe would well 
warrant a good deal of further careful study and comparison with 
other industries. 


World Consumption of Petroleum Products 


By V. R. Garrras* anp R. V. Wuerset,* Mempers A.I.M.E. 
(New York Meeting, February, 1937) 


Ir is estimated that during 1936 world consumption of petroleum, its 
products and related fuels reached an all-time peak of 1,757,778,000 bbl., 
an increase of 143,000,000 bbl. over 1935. 

As indicated in Table 1, world output of petroleum and related fuels 
exceeded demand by 92,510,000 bbl. during the year, as compared to an 
excess output of 88,000,000 bbl. during 1935. Production within the 
United States exceeded domestic demand by approximately 51,000,- 
000 bbl. in 1936, as compared to an excess output of 53,000,000 bbl. in 
the previous year. Outside the United States, production exceeded 


TABLE 1.—World Production and Consumption of Oil 
Thousands of Barrels 


— 
E Producti mports 
E ee pease Hixoess fon Total to Storage 
Excess Pro- Imports | U.S. A. 
World World duction over over Ex- 
Year Produc- | Consump- | over Con- Exports, | ports to 
tion tion sumption United | U.S.A, 
States World 
P World Outside . World 
United : United ; 
States eee ULB. A. States at 


1932 1,362,039 | 1,348,407 13,682 | R-13,011¢ 26,643 | R-28,781 28,781 | R-41,792 55,424 
1933 1,467,128 | 1,406,923 60,205 67,427 | R-7,222 | R-60,254 60,254 7,173 53,032 
1934 1,562,834 | 1,507,599 55,235 26,164 29,071 | R-64,013 64,013 | R-37,849 93,084 
1935 1,702,793 | 1,614,475 88,318 53,027 35,291 | R-75,474 75,474 | R-22,447 110,765 
1936¢ 1,850,290 | 1,757,780 | 92,510 51,000 41,510 | R-74,400 | 74,400 | R-23,400 115,910 


a Hstimated from statistics available in December. 
> R indicates ‘‘red figure.” 


demand by 41,510,000 bbl. in 1936 and by 35,000,000 bbl. in 1935, indicat- 
ing that foreign output is making no progress toward curtailment in line 
with demand. 

Table 1 also combines excess production in the United States with the 
favorable balance of exports over imports, showing that stocks in the 
United States were reduced by 23,400,000 bbl. in 1936, as compared to 
22,447,000 bbl. in the previous year. In the rest of the world, excess 
output over demand combined with the excess of imports over exports 
from the United States indicates an unfavorable balance of approximately 


Manuscript received at the office of the Institute Feb. 4, 1937. 
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116,000,000 bbl. during 1936. Unquestionably a large portion of this 
balance represents an increase of stocks in foreign countries, but a part 
is also due to imperfect consumption figures and the impossibility of 
obtaining accurate production statistics from such countries as Russia. 

Table 2 shows world production of crude and related fuels by countries 
and Table 3, the world’s consumption classified by countries and accord- 
ing to principal products. 

As the figures of the tables indicate, the petroleum industry within 
the United States showed some improvement during 1936. Withdrawals 
from storage, however, continue to be made possible by the favorable 
balance of exports over imports, but it must be emphasized that such 
favorable balance did not increase during 1936. In the world outside 
the United States, despite increased consumption the industry continued 


TaBLE 2.—World Production of Crude Petroleum and Related Fuels 
Thousands of Barrels 


1935 19364 
Country me 
Crude Laps Total Crude nye Total 

United States.......... 993,942) 40,735 | 1,034,677| 1,097,000) 44,000} 1,141,000 
Russia ect ee 176,688 800 177,488} 191,000) 1,000 192,000 
Venezuela... cm. cen ta 151,523 700 152,223). 163,000 800 163,800 
Rumania. oe 2 eee 61,150 900 62,050 64,000) 1,000 65,000 
Trainees oon. Gee 57,304 870 58,174 57,400 900 58,300 
Netherlands East Indies. 42,569) 1,800 44,369 44,500) 1,800 46,300 
WMexicoisas< Ascae aoe 40,234 500 40,734 40,500 800 41,300 
TrgGaets: eee gee 26,500 26,500 28,200 28,200 
Colombia science 17,618 400 18,018 18,700 500 19,200 
Brive, oe tue a eer 16,835} 1,200 18,035 17,400} 1,300 18,700 
ATZentinal wee aoe 14,317 300 14,617 15,200 400 15,600 
"Prinidad 4 ...e es 11,670 90 11,760 13,200 100 13,300 
British Indias... 1 eae 9,277 100 9,377 9,600 100 9,700 
German yawierinccmeernts 3,054} 5,900 8,954 3,100) 6,200 9,300 
British Borneo......... 4,974 100 5,074 4,700 100 4,800 
Poland spans tare eee. 3,973 500 4,473 3,800 500 4,300 
Bahrein Island......... 1,265 1,265 3,400 3,400 
JQDGT wt heeees eth ned etait bes 1,848 130 1,978 2,400 150 2,550 
Sakhalin Island........ 2,850 2,850 2,840 2,840 
ECUROOTL aes echnn Gh tsae 1,725 1,725 1,850 1,850 
CRNSGG ee ore ate dae 113) 1,384 1,447 130} 1,350 1,480 
Egypt: 2A Re. gta 1,215 40 1,255 1,200 50 1,250 
Othersecupseriny aa. ee 1,050) 4,700 5,750 1,000) 5,120 6,120 
1,641,694; 61,099 | 1,702,793] 1,784,120) 66,170 | 1,850,290 


« Hstimated from data to December 1. 
> Related fuels: natural gasoline, benzol, alcohol blended as motor fuels, shale oils, 
et cetera. 
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to increase stocks rapidly, indicating the approaching necessity of the 
curtailment of foreign output and the possibility that exports from the 
United States may continue to decline. 


TaBLE 3.—World Consumption of Petroleum Products 


and Related Fuels 


Thousands of Barrels 


1934 1935 
Country 
Motor | Kero- | Gas and | Lubri- | Miscel- Motor |} Kero- | Fuel 
Fuel sene | Fuel Oil| cants | laneous Total Fuel sene Oil 
Unihed States ve... cee Ware owe ak nen 410,399} 44,233| 340,371) 18,484) 106,678} 920,165] 434,897] 47,652] 366,514 
nssiay Reet eS: aie ee 12,759| 27,489| 53,568} 7,710] 15,774| 117,300] 14,205] 29/010] 59,102 
United Kingdom...)....:...s22...... 34,254 6,515} 26,511} 2,88: 2,008 72,170) 37,454] 6,015) 26,894 
rane en we Mek te Whee 21,400} 1,810] 13,510} 2,160] 1,675] 40,555} 22,140] 1,427| 12°399 
Canada.. EE. yo ae Saree 16,210) 1,712} 14,341 808 1,621 34,692} 16,784) 1,910} 14,936 
Germitly ceary sees oc cease nee eee 15,205 910 8,646] 2,550 1,920 29,231] 15,464 $07| 10,997 
tall eAenaphte a: eee ee es 6,472} 1,100] 12,836] 1,544 996| 22,9481 7,310) 1,325] 13,350 
AP gentina ee ee ie trae ek ta 5,503} 1,182) 13,066 293 792 20,786} 5,816} 1,217) 14,943 
Italy No SCO NEE 1 RN Aer a 4,003] 1,410 7,000 582 1,379 14,374] 4,213) 1,309 9,522 
WEEZIGO Cte ee. ce aes 1,916 604} 11,287 147 2,380 16,334} 2,230 617) 11,432 
[SITE a Soe A apa gortr ae Semeaee ne ee one 782} 1,351) 11,667 206 1,680 15,686 786) 1,231} 11,212 
Netherlands West Indies............. 172 23) 11,486 29 2,140 13,850 180 27)» 1NS8it 
Brauish indian. meee 6 Pees ete 2,265) 6,114 3,573 923 990 13,865} 2,421! 6,380 3,652 
PAS GEIS Sepa sh caer cf Mel crema artes 6,480} 1,047 2,840 330 402 11,099} 6,507} 1,114) 3,193 
Netherlands East Indies............. 1,433] 2,130 4,770 126 1,100 9,559} 1,462} 1,988 4,859 
The Netherlands: 22 ised oekie ab Seas 3,280} 1,453 1,965 312 610 7,620} 3,310] 1,790 2,275 
WERT TES eee ape ae nee ee a 517 20 738 21 4,945 6,241 561 26 928 
WOGEM e aeere sree deeeto oeaaiok oe oe 3,050 739 1,845 339 393 6,366} 3,330 821 2,012 
BEEP Sons ey VERS on ANS, Frees 2 945} 2,855 2,528 240 202 6,770 976| 2,442 2,645 
Brame epters etree oa ae. ee 2,250 724 3,010 163 38 6,185) 2,461 738 3,169 
DAs Meee we Seer i Ween eect 3,547 113 2,297 205 419 6,581} 3,628 231 1,898 
MATa, ct cacass edi sinbiette = cams EMS si 404 915 3,111 186 1,387 6,003 420 962 3,160 
Bae Ree Fa ROE oe 552) 2,059 1,988 167 127 4,893 532] 1,988 2,532 
Union of South Africa 2,647 659 552 199 157 4,213) 2,986 546 1,029 
enmar 2,151 618 1,732 200 236 4,937| 2,164 533 1,561 
Belgium 2,459 260 1,237 201 112 4,269] 2,472 196 1,122 
TU Gas are eee Oo eee 541 72 3,643 38 62 4,356 482 68 3,692 
Trinidad 120 70 2,282 30 280 2,782 101 72 3,659 
Philippine Islands 860/ 580} 1,822 98 104, ~ 3,464] 982] 549] 2/253 
Norway 980 276 2,089 77 88 3,510} 1,162 297 1,886 
ppl eriond 1,857 195 1,155 145 21 3,373] 1,831 191 1,142 
Pe pn eink Fete eceen-F a escg kel =s0\5 74 619 56 1,424 37 15 2,151 622 55 2,560 
New. Zealand 1,847 115 1,185 69 83 3,299] 1,821 152 1,164 
Melanie Serie en toed carey catceds eatays «teeta 809} 1,000 364 401 359 2,933 961 992 568 
Czechoslovakia... 2... s.eec22cccee- 1,638 502 579 211 146 3,076] 1,718 436 658 
Trad sco: Be Ree co ukindees chee 322 205 1,310 41 320 2,198 285 214 1,948 
PES Pa GIREL VL SAE Vs eta cate de 20" eis tensio reso ele 610 298 1,686 48 198 2,840 569 317 1,933 
Hawaiian Islands................--- 920 130} 1,810 49 62 2,971 943 131 1,841 
“tian PR Mee Shae etre) ot os te bye: 52 874 288 769 138 118 2,187 902 280 1,111 
ine isky tee sete ete athias st steteyons eiavene 610 218 1,489 32 21 2,370 622 58 1,632 
Panama Canali ZONE. ccicticstelie. vee we 89 27 1,921 a2 22 2,071 102 27 2,160 
INGE Dy, As eRe ea eso aneea ee 1,201 394 301 113 91 2,100} 1,261 392 312 
a ed 1,014) 465 214 64 160| 1,917| 1,067} 516 245 
431 452 552 38 213 1,686 413 429 690 
356 151 982 50 34 1,573 362 148 982 
460 67 871 27 26 1,451 480 70 920 
502 452 288 32 51 1,325 581 407 390 
439 441 577 77 81 1,615 407 396 443 
582 337 131 86 79 1,215 561 356 128 
764 101 81 41 92 1,079 757 91 99 
6,626} 5,248) 18,692 868 1,931 33, 365] 6,391) 5,396) 21,889 
HOpaleaaetee he ekie os oisieiecumaiw dialare 586,126] 120,134] 602,292] 43,829) 154,818} 1,507,599) 620,092] 124,442) 651,382 


2 Consumption figures include crude 
gasoline and alcohol used as motor fuel. 
were 


consumed as such and all its products; also related fuels such as benzol, natural 
Oil delivered to ships’ bunkers is included in consumption of country where deliveries 


6 All cues estimated from data available to December 1, 1936. 
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TABLE 3.—(Continued) 


a nn ne LEE EEE EEEEEEEEEE SEES 


1935 


b 
(Continued) 1866 
Country 
Lubri- | Miscel- Motor | Kero- | Gas and | Lubri- | Miscel- 
cants | laneous Total Fuel | sene | Fuel Oil| cants | laneous Total 

United States. o5....06\00 50 0- ons 19,598] 112,989} 981,650] 482,000} 50,000} 405,000) 22,500) 130,500; 1,090,000 
Russligeerer cera eancinee eee « 8,150} 16,910) 127,377] 14,800} 30,400) 63,200) 8,500) 17,8 134,700 
United Kingdom... 05 sone. sss 2 0 2,730 3,120 76,213) 38,500! 6,400) 27,000} 2,900 4,100 78,900 
Rranoscs foliose cara Sete 1,610 3,017 40,523] 23,000} 1,490} 13,000) 1,640 3,200 42,330 
Canada... is.cvintennwnes acuta ae 1,020 1,960 36,610] 17,500} 1,990} 15,600) 1,060 2,000 38,150 
Germany tinasen one ooo mee 3,668 2,600 33,636] 17,000 990} 12,200} 4,020 2,900 37,110 
Japallnn Grete is ceeake tte ohieetle ss 1,712 1,630 25,327) 8,100) 1,500) 14,750} 1,900 1,900 28,150 
Argentina 416 812 23,204) 6,200} 1,320) 16,400 450 890 25,260 
GANGS itnvos siesets isis eile ead amine 658 1,924 17,626} 4,500) 1,480) 11,000 720 2,200 19,900 
Mexico 168 2,491 16,938) 2,540 620; 11,500 170 2,500 17,330 
Rumania 213 1,878 15,320 7 1,240) 11,700 220 2,000 15,950 
Netherland West Indies. .. 32 3,267 15,317 180 30} 13,200 35 3,820 17,265 
British India 941 1,210 14,604) 2,480} 6,500 3,800 990 1,300 15,070 
Australia races. <tehianm ace 452 643 11,909} 6,800) 1,170 3,340 460 670 12,440 
Netherland East Indies........ 145 1,155 9,609} 1,490 i 5,100 160 1,240 9,990 
The: Netherlands! 25.8... setae. 366 841 8,582} 3,480] 1,830 2,400 380 890 8,980 
Wenequclat 6 ...< ots: svete ass es 29 5,591 7,135 590 0 1,200 35 5,900 7,755 
Bweden A2<2.d.0cncetn bone does 352 554 7,069} 3,480 890 2,150 360 600 7,480 
CBN 5 PRR. seth s aerate ae 249 310 6,622 990| 2,460 2,800 260 340 6,850 
Brazil arate hha a's <untelars: «Cre MteTER y che 172 62 6,602} 2,510 750 3,280 180 70 6,790 
Ee 9 Rs tn I, ERA ic CH RP 271 532 6,560} 2,800 190 1,650 100 210 4,950 
Eo eee Outre eter 190 1,431 6,163 430 980 3,200 200 1,500 6,310 
Mevpts. cme cite «cen Oot ener cubcode. 172 161 5,385 540} 2,000 2,890 180 190 2 
Union of South Africa............. 189 182 4,932| 3,100 570 1,140 200 200 5,210 
Denmark SEs CE COC 151 271 4,680} 2,200 560 1,640 160 290 4,850 
Belgium ewe..i ss Serer. aetletes ve os 207 397 4,394) 2,520 210 1,190 220 420 4,560 
Oba iis. Sa ue 38} 101] 4,381] ‘490; += 70|_-—«3,750] + = 40)_~S 110, 4,460 
Trinidad AOS TARAS ee 29 272 4,133 105 70 3,800 30 290 4,295 
Philippine Islands 9)2. .......22 deistcnee 70 117 3,971} 1,000 580 2,400 80 130 4,190 
INOLFWAY’ Joiies0.e)- biisietiaia sie misieleis =n > 89 97 3,531) 1,190 305 1,980 95 110 3,680 
Switzerland Sails in oie eho te 156 36 3,356) 1,830 190 1,150 160 40 3,370 
ONT 5 AA > sce Tee ani, eite ens 69} | 32 3,338 650 60 2,750 75 40 3,575 
New Zealaiid J. .ccihei.s scree ne.6 72 106 3,315} 1,990 160 1,240 80 115 3,585 
Wolend |, Grete acerca + = etewela aos 392 302 3,215 970} 1,010 600 400 300 3,280 
Czechoslovakia,...........seeeeee 213 166 3,191] 1,800 440 740 220 180 : 
Traq na iaNalatalpatearciee aetrpectie nia: 48 613 3,108 310 220 2,080 55 690 3,355 
British Meloy <2 SRR). cceee tts. 63 166 3,048 580 320 2,060 70 190 3,225 
Hawaiian Tslands #4) Aa. eettats ace 57 62 3,034 980 140 1,990 70 3,240 
Auatrign aes «00ers. acter tet ase 142 130 2,565 910 290 1,200 145 140 2,685 
Uruguay.... 38 31 2,381 630 60 1,800 40 40 2,570 

‘anama Canal Zone ve 18 34 2,341 110 30 2,300 20 40 i 
Algeria agar or elo ww pe eee a5 oak enna pea retail 106 121 2,192) 1,300 400 340 110 130 2,280 
Trish Free'State..o..0...c0csecess> 66 192 2,086) 1,110 520 260 70 200 2,160 
Perulsccsieles ves ahites sc meee ones 56 261 1,849 420 430 760 60 300 1,970 
Gree, OPE... Liao dees 5 57 43| 1,592| 370 ~—«:150}-—«1,060| ~~ 60. 50| 1,690 
Cy a a ar 32 36] 1,538} 490 70} 990/35 40| 1,625 
Bortngals& 1, Wiese 2. 34 60} 1,472} 600; += 410) «= 440) «= 40 60/ 1,550 

MNQALY nese es cess ee svevseceses 81 92 1,419 420 400 450 90 100 1,460 
Winkand WE oc... cette ole cchotieme ase 90 91 1,226 580 360 140 95 95 1,270 
French Moro000. i202. s0ceeanssss 33 122 1,102 770 95 110 40 130 1,145 

HERE Sy Peers cece sie cian wee Sica 992 2,436 37,104) 6,700} 5,550) 23,200) 1,040 2,670 39,160 
otal ts ae ate neke conmencies oe 46,902} 171,657 1,614,475 674,825) 129,930} 707,920) 51,215} 193,890) 1,757,780 
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Chapter V. Production 


Introduction 
By James Terry Ducr,* Memsper A.I.M.E. 


In order to facilitate interpretation of the data in this chapter, we 
print the following excerpts from circulars to authors, compiled by Mr. 
Frank A. Herald when he was Vice-chairman for Production of the 
Petroleum Division: 


Generally in Table 1 the unit for presentation of data is a field. For our purposes 
a field is defined as the whole of a surface area wherein productive locations are con- 
tinuous. Such unit commonly includes and surrounds nonproductive areas. Such 
unit commonly includes a great variety of geologic conditions—several units of con- 
tinuous productive reservoirs of distinctly different structure and of distinctly different 
stratigraphy. Therefore it is hoped that our authors will subdivide ‘‘field’’ so as to 
enable students to make analyses that may have scientific and/or commercial value. 

As to each space in the tabulation, it is either (1) not applicable, (2) the proper 
entry is not determinable, (3) the proper entry is determinable, but not determinable 
from data available to the author, (4) the proper entry is determinable by the author. 
In spaces not applicable, the author will please draw horizontal lines; in spaces where 
the proper entries are not determinable, the author will please insert x; in spaces where 
the proper. entries are determinable but not determinable from data available to the 
author, the author will please insert y; in spaces where the proper entries are deter- 
minable by the author he will, of course, make such entries. Generally, y implies a 
hope that in some future year a definite figure will be available. 

Inability to determine precisely the correct entry for a particular space should not 
lead the author to insert merely y. Contributions of great value may be made by the 
author in many cases where entries are not subject to precise determination. In such 
cases the author should use his good judgment and make the best entry possible under 
the circumstances. For many spaces, the correct entries represent the opinion of the 
author (for example, ‘‘Area Proved’’) and in such cases the entries need not be 
hedged to such extent as in cases where the quantities are definite yet can be ascer- 
tained only approximately by the author. 

In cases under definite headings but where figures are only approximate, the 
author may use z. For example, if the total production of a field is known to be 
between 1,800,000 and 1,850,000, the author may report 1,8x2z,xxrz; or if the produc- 
tion is between 1,850,000 and 1,900,000, the author may report 1,9rz,rrz. 

Where a numeral is immediately to the left of « or y, such numeral represents the 
nearest known number in that position. 

As to quantity of gas produced from many fields the question will arise as to 
whether the figures should include merely the gas marketed or should include also 
estimates of gas used in operations and gas wasted. Although rough approximations 


* Geologist, The Texas Company, New York, N. Y.; Vice-chairman for Produc 


tion, A.I.M.E. Petroleum Division, 1936-1937. 
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may be involved, our figures should represent as nearly as possible the total quantity 
of gas removed from the reservoir. 

While we have not provided a column for showing the thickness of the productive 
zone, generally the difference between average depth to bottoms of productive wells 
and average depth to top of productive zone will represent approximately the average 
thickness of the productive zone. For fields where this is not true because of unusually 
high dips, or for other reasons, it is suggested that the authors indicate in their texts 
the approximate average thickness of the productive zone. 

The figure representing net thickness of producing rock should correspond to 
the total of the net portions of the producing zone which actually yield oil into the 
drill hole. It is recognized that for some fields the authors can make only rough 
guesses—so rough that figures would be of no value. In such cases the authors should 
enter either x or y, whichever is more appropriate. 

We are particularly anxious to have every author give due consideration to the 
determination of structural conditions of each oil and/or gas body. Please consider 
each oil and/or gas reservoir and indicate its structure. The mere fact that a reservoir 
is on an anticline is not proof that the structural condition affecting the accumulation 
is anticlinal; for example, an oil and/or gas body limited by the upper margin of a 
lens on the limb of an anticline is ‘‘ML” as to structure. By all means, if the oil 
body occupies any position in the lens other than its upper limit, please so indicate 
clearly by footnote, for ‘‘ML” means, unless modified, that the accumulation is at 
the upper part of the lens. In every case where the oil and/or gas body terminates 
short of the up-dip continuity of the reservoir, please carefully check your evidence 
and then appropriately record your conclusion. ‘‘Terrace,” ‘‘Nose” and ‘‘Syn- 

cline” are the only terms in our legend which presume such continuity. 

Please note that the heading ‘‘ Number of Dry and/or Near-dry Holes” is intended 
to cover only such holes as are within the limits of the defined fields. 

In Table 2 are listed the important wildcat wells completed during the year. 
By the term “important” is meant: wells discovering new fields; wells resulting 
in the discovery of important extensions to old fields; wells discovering new zones in 
old fields; wells condemning important areas or resulting in significant stratigraphic 
information, even if the wells are dry; and exceptionally deep wells. At the foot 
of this table the total number of wells drilled in each district is given, segregated as 
to oil wells, gas wells and dry holes. The number of wells drilling on Dec. 31, 1936 
are in two divisions, designated as wildcat wells and wells in proven fields. 


Footnotes TO CoLUMN HEADINGS—TABLE 1 


«In areas where both oil and gas are produced, unless gas is marketed outside the field, such areas 
are included in column headed ‘‘Oil.’’ Manufacture of casinghead gasoline and carbon black is 
interpreted as outside marketing of gas. 

+ Wells producing both oil and gas are classified as ‘‘Producing Oil Only’’ unless gas from them is 
marketed off the lease. 

¢W, water; G, gas; A, air; AG, air-gas mixture. Numbers following letters indicate numbers of 
injection wells. 

4 Bottom-hole pressures are preceded by ‘‘e."’ All other figures represent pressures at casinghead 
with well closed. 

¢P, paraffin; A, asphalt; M, mixed. 

J Cam, Cambrian; Ord, Ordovician; Sil, Silurian; Dev, Devonian; Mis, Mississippian; MisL, Lower 
Mississippian; MisU, Upper Mississippian; Pen, Pennsylvanian; Per, Permian; Tri, Triassic; Jur, 
Jurassic; CreL, Lower Cretaceous; CreU, Upper Cretaceous; Eoc, Eocene; Olig, Oligocene; Mio, 
Miocene; Pli, Pliocene. 

98, sandstone; SH, sandstone, shaly; Ss, soft sand; H, shale; L, limestone; LS, limestone, sandy; 
C, chalk; A, anhydrite; D, dolomite;-Da, arkosic dolomite; GW, granite wash; P, serpentine; O, oolite; 
Slt, siltstone. 

» Figures are entered only for fields where the reservoir rock is of pore type. Figures represent ratio 
of pore space to total volume of net reservoir rock expressed in per cent. ‘‘Por’’ indicates that the 
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reservoir rock is of pore type but said ratio is not known by the author. ‘‘Cav’’ indicates that the 
reservoir rock is of cavernous type; “Fis,”’ fissure type. 

* A, anticline; AF, anticline with faulting as important feature; Af, anticline with faulting as minor 
feature; AM, accumulation due to both anticlinal and monoclinal structure; H, strata are horizontal or 
near horizontal; MF, monocline-fault; MU, monocline-unconformity; ML, monocline-lens; MC, mono- 
cline with accumulation due to change in character of stratum; MI, monocline with accumulation 
against igneous barrier; MUP, monocline with accumulation due to sealing at outcrop by asphalt; D, 
dome; Ds, salt dome; T, terrace; TF, terrace with faulting as important feature; N, nose; 8, syncline. 

7 Information will be found in text as indicated by symbols; A, name of author, other than above, 
who has compiled the data on the particular field; C, chemical treatment of wells; G, gas-oil ratios; 
P, proration; U, unit operation; R, references; W, water; O, other information. 


Oil and Gas Development in South Arkansas in 1936 


By H. K. Suearer,* Memper A.I.M.E. 


Oi production in South Arkansas in 1936, estimated to have totaled 
10,654,940 bbl., showed a decline of 484,400 bbl., or a little more than 
4 per cent from 1935. There are no proration restrictions, as practically 
all wells reached the pumping stage years ago. Although a new shallow 
field was discovered in Nevada County, and a deep producing horizon 


TasBLeE 1.—Oil and Gas Production in South Arkansas in 1936 


Area Proved, | Total Oil Production, Bbl. 
Acres 
Ta 
Field, County to End 
of 1936 
To End of . 

5 Oil Gas? 1936 During 1935 
4 
EI 
3 

LHL: Dorado; Unions cotaensedtstien elo eackeiects sans 17 8,000 x 45,912,035 624,230 

2: || ixima- Nowadays; 4, oi..s ceils. sree hole ales etch meta meter oe 16 820 4 5,932,170 321,160 

31 | ast Bl Doradot Unstone... ca csna aiscteat autinie ace eacae 15 1,420 z 8,816,575 187,625 

4 | Stephens, Columbia, Nevada, Ouachita.................005 15 3,000 x 5,751,885 209,585 

5 | Smackover, Ouachita, Union..........cccrececvecescoces 15 25,700 z | 355,788,940 7,430,590 

6 Heavy oil area, Ouachita, Union............0000000ee 15 16,000 x | 306,965,615 6,605,320 

7 Light oil area, Ouachita, Union............0ceceeeeee 15 9,600 x 51,768,925 825,270 

8 Anow HMill’ares, Ouachilavi.c ss ses sds ste cea tet 1 100 | 100 54,000 0 

9.) Bradley, Gatayelta.conacaroaiae hos nsaaiecne viaweisitlen Cacaie 12 80 0 186,705 0 

10 | Lisbon, Union ll 2,700 x 6,339,650 114,970 

O15) ChamnpagnollesUnton snc aacus samactoetdcns cauews ania 10 2,000 x 12,610,730 874,395 

12))| NIG EOLy “OUACRDS sortie eivicniare mv ecw trie aan wae te or iets 8 60 0 117,085 0 

Por tbabar U Mion ccncaddatinascictmaaecnetccms Merle aoneor 7 400 2 3,630,310 796,375 

14: | Garkdtid Oityn Milan ys an das cece steurcnveRtarrertee com ae site as 4 300 0 1,430,325 555,410 

Tb Camden, Oudchieieonn  taacuan cnncien nema oe cali: 2 10 0 525 24,000 

16: Troy, Netadalancszneimcve cette celesin ietccet ee eirntare cate 1 80?} 40 15,770 0 

17 otal forioll fields sss:<ak Gutepvan ue setae eee 44,570 140 | 449,564,305 11,138,340 


1 Including other small producing areas. 


2 El Dorado, Irma, East El Dorado, Smackover, Lisbon and Champagnolle produced large quantities of gas from the 
tops of structures or the upper edges of sands in earlier years. Most of the gas was wasted, but some was used commercially, 


Stephens produced some gas from the Nacatoch and Urbana from the 2700-ft. sand. 


Manuscript received at the office of the Institute April 9, 1937. 


* Geologist, The Hunter Company, Inc., Shreveport, La. 
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opened at Snow Hill, Ouachita County, there was nothing in sight at 
the end of the year to indicate any increase in production. Deep 
wildcat drilling seems to have yielded results of more scientific than 
commercial importance. 

There were 84 wells completed in 1936, a considerable decrease from 
the 123 completions in 1935, due principally to less drilling in the old 
fields. The 1936 completions included 26 oil wells, 3 gas wells and 55 
dry holes. There were 43 wells drilled in wildcat territory, of which 
41 were dry and 2 discovered new fields. Average depth of the wells 
drilled was much greater than in previous years, as 24 wells were more 
than 4000 ft. deep, including seven between 5000 and 6000 ft., four 
between 6000 and 7000 ft., and one over 7000 ft. Two wells, in Ouachita 
and Bradley Counties, were drilled through the “‘ Permian” lime and into 
the underlying salt. The deepest well of the year, drilled near the 
Stamps fault in Lafayette County, was abandoned in porous oolitic lime, 
either lower Marine Trinity or Permian, at a total depth of 7707 feet. 


TaBLE 1.—(Continued) 


“here en Nay _ ae 
Total Oil . - . epth, Average | tion Meth- 
Produotioa, Bpl. | #2, Mil- Number of Oil and/or Gas Wells in Feet ods at End 
lions of of 1936 
Cubic Feet 
Durin; Number of 
1936" At End of 1936 Wells 
Daily Com- Bottoms! To Top 
, | During | Average a End oh : ae z He ce oe ae 
1936 durin, of 19362 | to End o uctive | ductive 
4 Deo. 1936 1936 | | 8 /%8| w>|ee|e%] S] Wells | Zone | Flow. |Pump- 
2 | 8 |sA\ 38 Sale| 8 ing | ing 
. a |e |Bsleclselsalzs 
5 8 |S [Ea] £5 £525] Be 
2,100 
1 582,835 1,560 x 1,112 0} 16) 10} 2241 0; O| 224 2,177 Ane 0 224 
) 765 422° ON O15 73) 61 0 hereel @ Lara: “1150! —"0 73 
3 iee'030 455 187 3 3 7 59; 0 2 61 2,180 anh 0 59 
4 214,005 600 z 303 0 0 | 12 186} 0 0 186 2,110 { 2/100 0 186 
47 | 91 |1,809) 5 0 | 1,814 5 1,809 
5| 7,252,095} 19,850 eo 3,731 dd 2,025 (38 é a 
2} 26 | 80 /1,249; 0} O | 1,249 2,475 ; 
6| 6,404,000] 17,455 a y 2610 200 
2,025 4 
7 794,095 2,065 Ey y 0} 21 | 11 560; 0} O 560 2/300 { 9/975 0 560 
4,807 ie, ; ; 
0 0] 5 |-0 5 to to 
8 54,000 330 yw 5 5 0 1 400 : é 
9 0 0 0 6 0 1 0 0; 0 0 0 2,790 A 
1 8 142} 0} 0 142 2,120 2,100 0 142 
10} . 105,985 275 x 356 0 2'800 ae ; . 
4 84) 0 0 84 to 0 
11 979,525 1,975 2 220 elOn| ano 3.660 3.340 
12 0 0 0 6 0) 0G 0 0) 0 0 0 2,813 2,800} 0 0 
3,560| {2700/9 30 
13 675,055 1,555 © 41 OA BE lhe 30) 0 | 0 30 , 3,550 ; 5. 
0 27 2/ 4] 0 23} 0; 0 23 2,935 2, 
is 7028 Bt oO tf | 0170 0 1] 0] 0} 4) 1,389 1,356) 0 1 
16| 15,7701  470| Peheodsoee es 4] 0} vines {oer War 8 4 
17| 10,654,940} 28,040 6,142 29 | 78 |139 | 2,635} 5 3 | 2,648 5 2,635 


3 from the Snow Hill wells has been used for pumping operations in the Smackover field. 
oe for column headings and explanation of symbols are given on page 291. 
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Much geophysical work, mostly with reflection seismographs, has been 
done all over Southern Arkansas, but results of drilling geophysical 
structures have been generally discouraging. 


New WELLS 


Snow Hill—A discovery that at first appeared to be of great impor- 
tance was made by the Phillips Petroleum Co., No. 1 Reynolds, sec. 27, 
T.1558., R. 15 W., Ouachita County, completed May 5, 1936, producing 
208 bbl. of 50° gravity oil and 13,000,000 cu. ft. of gas per day from a 
depth of 4926 ft. The producing formation is a porous limestone under- 
lying the lower Trinity or Travis Peak red beds, and is generally called 
‘“‘ Permian lime,’’ although the age has not yet been definitely determined 
by paleontology and there is no outcropping section with which it can 
be compared. This limestone may possibly be earliest Cretaceous, 
although it is not like any recognized Marine Lower Cretaceous, and the 
possibility of Triassic or Jurassic age must be considered. 


TaBLE 1.—(Continued) 


Character of Oil, 
Approx. Average Producing Rock sg pet nyo 
during 1936 
Gravity 
A.P.I. at on 
60° F. E38 
4 3 RES —_ 
& Name Agef x i Pr = BS Name Hole, 
~» ee >: ° 
B/ 2) 2 lee) 38 £|% (28 8 lege ay 
AICTE #/ a (G8) 3 eee 
° 2 Bo |e 
fe eh = Bx am! 5/& jas E zs 
1) 39 | 30 | 32] 1.0) M| Nacatoch CreU | 8 |Por} 20) ANL] 157 | Trinity 3,396 
2} 16 | 14 15} 2.7) M| Nacatoch CreU |S/Por} 15) AF 25 | Trinity 3,735 
3] 21 | 17 19} 1.8] A | Nacatoch CreU | S|Por| 10} TL 41 | Trinity 3,765 
4| 33 | 13 | 281{ 7-6) jy | Nacatoch, Buckrange | Cre | 8 |Por|{13| NLF| 46 | Trinity 4,502 
5 ' 363 
6| 25 | 17 | 20] 2.2) A | Nacatoch, Graves, Tokio} CreU | S| Por} 40} AS z | Permian salt 7,255 
7| 32 | 25 | 26} 1.8] MJ Nacatoch, Meakin CreU | 8 |Por| 30) TLE x | Paleozoic igneous | 7,973 
8 3 50 P | Permian(?) lime Per(?) | L | Por} 30} AS 2 | Permian salt 5,708 
9} 28 | 254 27 M | Buckrange CreU | § | Por 5| T? 5 | Trinity 3,555 
10] 38 | 28 | 33 M | Nacatoch CreU | S| Por] 20) ML 18 | Trinity 3,509 
11] 37 | 18 | 29} 1.1] M| Tokio, ‘Trinity {eee S|Por} 15] NL| 137 | Permian salt 6,911 
12} 32 | 28 30 M | Trinity CreL | S | Por 7| ML 14 | Trinity 3,378 
13) 20 | 16 | 17) 2.1) A | Trinity CreL | 8 |Por| 10) A? 34 | Trinity 4,501 
14] 33 | 27 | 31] 1.2] M| Trinity CreL | $|Por| 10} ML] 33 | Trinity | 4,509 
15 1 A | Nacatoch CreU |S |Por| 13) F? 5 | Trinity 2,500 
16] 21 14 |{ 33} | A'| Nacatoch, Tokio CreU | 8|Por} 6| F2 | 0 | Tokio 2,184 
17 878 
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The Reynolds well was drilled on a geophysically located high on the 
northeast flank of the Smackover structure. A deep test previously 
drilled near the high point of the Upper Cretaceous structure had found 
the limestone lower, but had shown porosity and salt-water saturation. 
Other wells in the Snow Hill area made only small producers of gas and 
light oil or distillate, and all soon started showing salt water. By 
the end of the year the five producing wells completed had made a total 
of only about 54,000 bbl. of oil, and were then producing about 300 bbl. 
of oil, 10,000,000 cu. ft. of gas and 1500 bbl. of salt water per day. So the 
operations as a whole were not profitable, and other ‘Permian lime” 
highs located by geophysical methods in Calhoun and Bradley Counties 
were drilled without finding production. 

Troy.—The other discovery of the year was made in November, 
when the Benedum-Trees Oil Co., No. 1 Grove Land & Timber Co., 
in sec. 10, T. 14 8., R. 20 W., was completed pumping 450 bbl. per day 
from 2184 ft. By the end of the year five wells were completed, all in 
the same section, two producing 20° gravity oil from the Tokio sand of 


TaBLeE 2.—Summary of Drilling Operations in South Arkansas, 1936 
ean Oe linportant Wildcats Driled in 1006 = oh 


Initial 
Produc- 
Location tion per 
Day 
Surface Deepest : 
County Forma- Horizon Drilled by Remarks 
4s tion Tested a 
= po is 
Sec.| Twp.| Ree. ze ie ee 
gs Bl gs 
BF Bago 
Bradley..... 12 | 178.| 11 W.|5627| Claiborne] Permian salt, Phillips Pet. Co. Dry. 
: Ruadiog ch 3 28 | 16 S.| 12 W./5195] Claiborne] Permian(?) lime | J. Modisette Dry. 
3| Calhoun....| 36 | 15 8.] 14 W.|5519| Claiborne] Permian(?) lime | Ben. G. Barnett Dry. 
4|Chaloun ...| 22 | 15 S.| 15 W./4958/ Claiborne] Permian(?) lime | T. R. Brown Dry. 
5|Columbia...}| 7 | 19 S.} 18 W./5401| Claiborne} Travis Peak Burford & Co. Dry. 
6| Lafayette...| 21 | 19 S.| 24 W.|6009| Claiborne] Glen Rose _ J. Modisette Dry. 
7| Lafayette...| 20 | 16 S.| 23 W.|7707| Claiborne) Permian(?) lime | Erwin & Leach Dry. 
8| Miller....... 9 | 208.| 28 W.|6514/ Claiborne] Glen Rose Haynes Oil Corp. Dry. 
9} Miller....... 2 | 18 S.] 28 W.]6288] Claiborne} Travis Peak W. L. McClanahan ie 
10} Miller....... 2 |1758.] 26 W.|5212] Claiborne] Glen Rose Erwin & Leach 
* . {Discovery well, 
11) Nevada..... 10 | 14S.| 20 W.|2190} Wilcox | Tokio Benedum & Trees | 450 Troy field 
Nacatoch discov- 
12| Nevada..... 10 | 14.8.| 20 W.}1236] Wileox | Nacatoch Benedum & Trees 41 \ a well, Troy 
* . erre F Ss ll, 
13| Ouachita....| 27 | 15 8.] 15 W.|4926] Claiborne] Permian(?) lime | Phillips Pet. Co. | 208] 13 | overs eat 
ee my well, 
14| Ouachita....| 27 | 15 S.| 15 W.|5708] Claiborne} Permian salt Phillips Pet. Co. 70| 2 i Coonee A pa 
; Le its 
15} Union....... 13 | 17S.] 15 W.|6003] Claiborne] Travis Peak J. C. Buckbee 
tee ee ee ee ee ee ee 


In Proven Fields | Wildcats 


23 24 
Number of wells drilling Dec. 31, 1986... 0.2... 0.00 ec ee ee ee cence een eens 
Ndueaboe of oil wells completed during NOSG Reece Sas toric tolaete oot ne wae 5 3 
Number of gas wells completed during 1936..................eeeeeeeeeeeee o fe 
Number of ay holes completed during 1936..........-..0..ceeeeeeeeeeeees 
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the basal Upper Cretaceous at about 2200 ft., two producing 15° gravity 
oil from the Nacatoch sand at about 1250 ft., and one producing gas from 
the Nacatoch. This area, which has been named the Troy field, is about 
4 miles southeast of the Irma field, also producing heavy oil from the 
Nacatoch sand. Although still undefined, this is probably a small fault- 
line field of the same type as Irma. 

Miller County.—At the close of 1936, the C. V. Lenz, No. 7 Dale, 
sec. 24, T. 15 S., R. 26 W., was showing for a producer, and has since 
been completed as a 50-bbl. pumper at a total depth of 4215 ft. The 
producing zone is 238 ft. below the Glen Rose anhydrite, this being the 
first lower Glen Rose production found in Arkansas. The structural 
conditions are not yet definitely known, and the importance of the dis- 
covery cannot be estimated until more wells are drilled. 
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Developments in the California Oil Industry during the Year 
1936 


By V. H. WityHetm,* Memser A.I.M.E. 
(New York Meeting, February, 1937) 


THE year 1936 was a prosperous one for the oil industry in California. 
Increases in crude prices were posted in February and March. Re-estab- 
lishment of voluntary curtailment in February was a factor in holding 
production at an efficient level throughout the year. Reduction of 
storage was effected through adherence to curtailment measures, aided 
by greater demand and smaller average well completions. 

During the first six years of voluntary curtailment, allotments were 
increased during the summer season and reduced during the winter 
season. This year, good results were obtained through a revised system 
of allocation, by which the California monthly quota was held constant 
at approximately 540,000 bbl. per day. After a 7-month period of 
practically unrestricted production (ending in January 1936), numerous 
operators found that curtailment was still necessary, as California and 
export markets were not yet capable of absorbing the state’s potential 
production, which was estimated to be in the neighborhood of 850,000 bbl. 
per day. Therefore, in February California operators again placed 
themselves under voluntary curtailment; with the result that state pro- 
duction dropped from around 700,000 bbl. per day in January to a low 
of 565,000 bbl. per day in April, and increased gradually to around 
585,000 bbl. per day for December. 

Drilling activity during the year increased about 10 per cent over that 
of the preceding year, although the resultant production per well decreased. 


FieLtp DIscovERIES 


As a result of a very active wildcatting campaign in California, aided 
by better interpretation of geophysical data, five new oil fields and two 
new gas fields were discovered. 


Oil Fields 


Greeley Field, Kern County—The Standard Oil Co. added to its list 
of discoveries by drilling and completing its K.C.L. No. 11-1 well at a 


Manuscript received at the office of the Institute Jan. 30, tables, Feb. 19, 1937. 
* Chief Petroleum Engineer, The Texas Company (California), Los Angeles, Calif. 
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TaBLE 1.—Oil and Gas Production in California 


Area Proved, Acres 
Age, 
am Years 
Field, County to End 
of 1936 Oil 
3 Oil and Gas 
8 Gas* 
2S 
Az 
oe 
=| 
Hs | 
L,| Alamitos, Low Angeles.) 00.2: ccna eiic rise 95 108 poseeshote ag See 934 110 
2”) Athens-Roseorans, Loe Angeles... a0 ays. nts - tsk sate sins ars. tn ra/enipees Seca ees 1234 283 
3}|| Brea-Olinda, Orange. 5.24). s2dukig «ns eles ous = ene bee oel Pare 56 1,259 
4, Coyote Bast; Orange: zines oh cj toes oes Oe apa eg Paes ates eee eo helenae 2514 682 
5) | Coyote West, Orange: 0.4 see\ piccli® Sara. eka ane reeeme ia. daca eee’ 31 808 
6' | Domingues, Dos Angetess .....20:< senuses ciate ea ei Deere kas einai eRe 13144 810 
7 | BU Segundo, Los: Angeles: fac -atec scje aster sm eae afters arora ails attra 890 
8) Franting fon eae, OF 010 -wiasara'satata tera ey. yale leiuls State isaac eles ee yee 1644 1,890 
9) Inglewood, Los: Angeless3., Jowcctctuwe gots dae8 ah quaepeuet > des ake rer 1214 858 
10;)'| Lawndale, Los’A ng eles resco ccces tie, « cote nioijsin ee Natale stolen a) elec arene 816 15 
1 | Tong Beach, Doe Angeles: . orc croc jc win qaoie os- oer a gore ote stel tees a See 1544 1,265 
£2)|- LOS ANZElGS, LOB ANGCLERS crate cers eta croak ay See eee ag ee 3334 840 
£3:)| Monte Bello; Dos: Atgeless srinte.s'osesm «1a rae ear etic cetiae aca steetteiae eet arcntens 19546 1,180 
14'|"Playa Gel Rey, L08-ARgeletesa.... ceo ss «as jatiesjenralesa we aaa eects 7 640 
15\;|\ Potrero, Los Angeles: ...... 25 soz detoraaki tone bah, Sade e eee hee Claas 914 88 
LOH Richfield. (Orange's cack ne eterivs sfernice One Aeaiscaeinaaecladin cee we an eerae 1756 1,288 
17,|\Santa) Fe: Springs, Loa Angeles isc nisents £2 eck 2. 64 5 wns hohe koe PASE hoe 17% 1,240 
13" || Seal. Beach, 00 1gelae. as scah <n aiewinas: ante aaistideale gids eeahionte are wesc 1014 400 
19 |" Torrance: 108 ANGEUOE.  caieos;s. otis Cisessa rain iearetr aacshleleeae Seat eee 3,650 
20.) Whittier Doe Angeles: , oni ck cbenetekins «cehides se seeks goeee Lia 590 
21 | Wilmington, Los Angeles r 
22 | Capitan, Santa Barbara 360 
23: | Hiwood, Sante Barbora vo tacivc <2 ew id ows enlace vee oe eee 497 
24 | Gato Ridge, Santa Barbara 540 
25 | Javon-Padre Canyon, Ventura................eceececcvcececees Paes 34 200 
26 | Moore Ranch, Santa Barbara....................... 7 
2%] RANOON,, PANNA Cre wcNitcretecaie cnet i arenii an weiter ae Melee ne a eo 914 360 
28: |\San-Miguelito;V entiiraic. «5 << nannies nasil eeeniee | 6% 320 
29 | Santa Barbara, Santa Barbara.................. : the 150 
80 | Santa Maria, Santa Barbara & San Luis Obispo ial 344-1 8,760 
31 | Santa Maria Valley, San Luis Obispo.......... ce 34 700 j 
$2 |(Casmahia, Santa, Barbara s..35 02 Sin-iitoeva heap doca en Geek aioe ee. 1916 850 : 
83 | Cat Canyon Bast, Santa Barbar soo. «occu sia sctecna marievh adueuan eens 2514 i 
34 | Cat Canyon West, Santa Barbara............. ccc ccceeccuuectaucecucess 251 1,187 } 
35 | Edna Carroyo Grande, San Luis Obispo............0. cc cee ce ceccccueee.. 2624 270 ; 
86'| Muagna, San Late Olen... it visite cs ced oat nek ce nea ae ee 7 60 - 
87. | Lompoe Santis Barvard. wpcgrasns amenscinsteie dicta net ocean een ee 3214 2,780 
BS | Death fanhe Barbara: oc. ices Pasmchcqnm nk. Maat ae ake oat 3416 4,620 
30::| Sunimeriand, Sania Barbarais) ¢.cos.cac carat et ae ae eee 44 180 
40. VenturaAvenue, Venturd ct mae. sate aeeincae eeu vice aston Mente ae eee 20 i 
41 | Ventura Newhall, Ventura, Los Angeles. ..... 0.0.0.0. c0c cee ccecceccecen. nm 4,135 nee . 
a2 | Bardsdale, Ventura ices sac cet tabs an lease ace rene tin eae 42 510 } 
45 | Conejo, Ventura ls on ..cts noteiunce atin heh tc sean Cee Ee 42 95 
44.) Hismera Canyon, Lae Angelesyan acacscs sche uate tena ncaeen ee ates 47 60 


# Footnotes to column heads and explanation of symbols are given on page 291. 
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Area 
sohae Total Oil Production, Bbl. Total Gas Production, Millions Cu, Ft. 
Nate Moroun 
be ‘ ‘ verage ; : aily 
Total To End of During During ‘ To End During Durin, . 
li hae 1936 1935 + 1936 queef i936 | 1935 1936, |, during 
z, 1936 MCF 
3 
5 
1 110 1 757,095 662,909 1,751 1 1 1 1 
2 283 31,172,064 993,195 803,811 2,231 50,472 1,854 1,078 3,551 
3 1,259 157,158,584 3,611,804 2,960,753 8,050 75,754 3,556 2,839 9,033 
4 682 76,206,305 986,705 909,646 2,852 39,330 
2,910 1,586 6,399 
5 808 71,805,228 3,553,712 3,033,973 7,847 
6 810 87,471,941 7,915,850 9,712,179 25,317 137,603 13,669 18,119 56,428 
7 890 149,149 149,149 377 
8 1,890 246,043,505 | 15,133,293 | 13,247,499 35,102 245,888 22,652 20,718 68,760 
9 858 101,079,380 4,477,004 4,546,727 12,476 76,063 1,999 1,983 6,406 
10 15 478,623 64,196 49,307 105 1,111 123 
11 1,265 576,802,294 26,562,848 24,994,299 65,416 785,247 21,598 20,589 61,619 
12 840 65,153,052 292,123 303,778 817 y y y y 
13 1,180 100,529,954 2,287,385 3,204,714 9,110 25,444 701 3,731 19,737 
14 640 38,001,659 5,695,942 4,643,658 10,986 39,695 7,561 6,366 22,659 
15 88 2,163,032 135,167 112,556 290 2,313 7] 467 1,480 
16 1,218 79,963,169 2,803,703 2,443,126 7,096 72,199 2,259 2,044 6,265 
17 1,240 418,238,411 | 16,158,795 | 16,460,142 45,186 629,149 12,033 11,027 33,612 
18 400 75,649,222 2,623,431 2,800,317 7,008 83,559 2,508 4,195 16,412 
19 3,650 83,072,767 2,498,442 2,859,892 8,827 58,823 1,254 1,218 3,489 
20 590 16,992,286 379,047 346,633 930 366 y 
21 z 0 (97,742) (440) 
22 360 1,395,655 521,528 570,727 1,796 635 203 432 2,098 
23 497 59,005,952 4,559,588 4,478,732 11,666 48,580 1,367 4,393 13,057 
24 540 (181,611)2 (150,527) (739) 
25 200 (108,836) 0 (108,836) (427) 
26 5,034 
27 360 7,267,857 669,826 754,218 2,123 7,222 564 649 2,368 
28 320 1,812,154 296,286 580,170 2,214 1,044 1,044 8,243 
29 150 2,786,643 1,144,088 503,939 906 
30 8,760 134,780,466 1,531,370 1,668,174 5,325 32,053 1,646 1,502 4,450 
31 700 0 (61,621) (443) 0 
32 850 (61,008) (117,990) (295) 20 y 
33 380 (13,232) (17) ) 2 
34 807 (115,766) (145,806) (550) 
35 270 (53,181) (95,492) (178) 
36 60 y 
37 2,780 (36,459) (85,521) (260) 
38 4,620 (1,153,913) (988,705) (2,804) 
39 180 3,123,885 14,499 é 36 
40 2,120 175,833,336 | 10,979,450 | 12,609,878 34,309 632,619 31,610 38,701 123,343 
41 4,135 55,669,587 1,472,471 1,699,905 4,988 380 380 
42 510 (17,622) (26,392) (84) 
43 95 y 
44 60 y 
1 With Seal Beach. 


2¥Figures in parentheses are not added in totaling. They cover small fields of which totals are included in groups, 
the group total only being used in the grand total. 
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Number of Oil and/or Gas Wells Drilling Data 
During 1936 At End of 1936 rns mae 
‘op o ottom 
Shallow- Top of | Produc- | o¢ Deep- 
5 = be wo | est | Deepest phe est Pro- 
g| 33 8 3 5 | wp | w we] 8 | Zone | Zone | “2eeS | ductive 
oy 2 i} i) "38 3g SO wom} Ft. Ft. ‘ Zone Ft. 
a ag o J Z B+ 3 Saco |5 oe) az 
g| #28 g £ | #4 | Bs | Bes (BS| S8e 
4] 88s S) =< a? a a "ie | ye | 
1 5 45 50 4,635 8,126] 1,335 9,026 
2 207 2 16 77 93 4,120 6,200| 2,695 6,815 
3 625 3 7 49 360 409 260 3,200 | 3,940 4,200 
4 
400 3 2 22 77 99 2,450 4,000 900 4,100 
5 3 91 48 139 2,800 5,260| 2,101 5,910 
6 221 22 49 130 179 3,800 5, 2,400 6,200 
7 3 3 1 4 4 7,329 100 7,435 
8 1,132 19 16 111 521 632 1,900 4,050| 2,830 4,730 
9 324 15 2 76 201 277 1,100 3,350} 2,950 4,100 
10 8 2 6 6 5,800 7 6,500 
11 2,091 25 68 18 1,242 1,260 2,300 5,470} 3,500 8,470 
12 1,617 4 122 122 475 3,100} 1,600 3,500 
13 287 31 9 39 196 235 1,730 6,952] 2,560 7,012 
14 298 10 20 15 212 227 3,350 5,450} 1,272 5,730 
15 33 2 2 10 12 3,640 6,681 617 6,710 
16 410 11 6 23 260 283 2,900 3,700} 1,450 4,550 
17 1,074 25 22 70 633 703 3,470 7,500| 3,260 7,850 
Includes 
Alamitas 
18 241 4 1 34 56 90 4,350 6,200} 1,980 7,100 
19 938 55 10 27 533 560 2,700 500 3,200 
20 290 3 17 158 175 250 3,900} 2,000 4,200 
21 Probably Torrance (1) (11) (12) 2,400 3,122] 1,100 3,648 
22 40 14 3 15 25 40 1,150 2,510 350 2,580 
23 101 6 1 78 82 3,164 4,325 410 4,385 
24| With Santa Maria (2) (2) 1,750 800 | 2,550 
25 3 3 5,230 270 5,500 
27 48 1 4 29 36 | 2,500] 2'080| 60 3'580 
Probably with Padre Canyon : ; om . 
28 10 5 6 6 6,472 278 6,750 
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Oil Production Character of Oil, ee 
Methods at End of Approx. Average Producing Rock Tested 
1936 during 1936 
to End 
of 1936 
Gravity A.P.I. 
Number of Wells at 60° F. 
be Depth |= 
‘2 Name Agef e lyse of Hole S ae 
Bee | Se | 8 ioe ee & fgea| 2 Fi. ga 
ve | deh | Gee Ge teh eel By (espei i a bm 
7 ei ei) § | 8 |e eee E lege] 3 Hes 
Sates. sa, | = | Ss jets 5 leks) 3 gaa 
Puente Mio 
1 45 | 30 | 23 |26 Pico Pli SH | 2,335] AF | 9,054 
ieee 15 | 60 | 40. | 30. (35 Pico Pli SH | 2,695] A 7,591 
3 9 351 | 28 15 |22 Puente Mio SH | 3,940 AF 8,201 
Pico Pli ; 
4 Ge 23 || 18) jt Puente Mio SH 900 A 9,084 
Pico Pili 
5 1 47 | 32 27° «(|29 Puente Mio SH | 2,100 A 8,144 
6 | 70 36 24 | 43 26 = |27 Pico Pli SH | 2,400 A 8,992 
Congl. 
7 2 228 Puente Mio SH 7,477 
Pico Pli 
8 5 9 BOG Wee aloe 2, Puente Mio SH | 2,880} MF 9,054 
95) 27 174 | 29 16 {23 Pico Pli SH | 2,950 AF 6,508 
10 6 | 32 |) 26° 129 Puente Mio SH 700 A 7,405 
Pico Pli 
11 1 15 | 1,226 | 32 20 = |25 Puente Mio SH | 3,500 AF 9,280 
Pico Pli 
12 122 | 22 12 {15 Puente Mio SH | 1,600 AF y 
Pico Pili 
13 | 10 3 183 | 38 14/26 Puente Mio SH | 2,560 AF 8,265 
Pico Pili 
14 5 1 206 | 26 | 20 |24 Puente Mio SH | 1,290 A 7,048 
15 2 8 | 45 | 34 |38 Pico Pli SH 617| AF 8,376 
16 1 2 257 | 28 15 |21 Pico Pli SH | 1,450 A 5,933 
Puente Mio 
Pico Pli 
17 2 40 591-| 36 27 «32 Puente Mio SH | 3,260 A 9,610 
Pico Pli 
18} 10 11 35 | 30 22 |26 Puente Mio SH | 1,980 AF 7,969 
Pico Pli 
19 533 | 27 14 /19 Puente Mio SH 500 A 5,938 
20 158 | 31 16 |24 Pico Pli SH | 2,000 MF 5,040 
21 (11) | 19 Pico, Puente Pli-Mio| SH | 1,100 A 6,814 
22 9 16 | 44 | 20 32 Vaqueros, Sespe Mio-Olig} SA 350 A 4,071 
Vaqueros Mio 
23 4 19 5b | 39 |,34 [36 Sespe Olig SH 480 A 7,157 
24 (2)| 17 | 14 {15 Montery Mio SH 800 Broken 6,510 
shale 
25 1 2, 29.5 29.5) A | Pico Phi SH 270 AF 5,000 
26 Gas Vaqueros Mio SH 354 AF 6,912 
27 4 6 TOR Sl slebe zu Pico Pili SH 650} AF 7,449 
28 5 il) ei es eae Pico Pili SH 278); AF 10,030 | 11,000 
29 56 120 |) 17) 29 Vaqueros Mio SH 75| MF 4,730 
30 1 197 | 25 9 18 : 
S17) 16.4 16.4) A Mio 700 14,000 
39 (10) 9 Mio SH 400 A y 
33 ()iy jy |y Pli SH | 300; A y 
34 (9) 14 Pli SH 200 A 7,199 
35 (14) 14 Mio SH 400 A y 
36 yo jy ly Mio | SH y|) § y 
37 |- (6) 19 Mio SH 700 AF y 
38 (151) | 25 | 10 |17 Mio SH 706) AF 5,815 
39 19 | 20 | 11 |15 Fernando Pli SH | 345] AF 5,041 
Vaqueros Mio 
40} 98 | 45 102 | 38 | 28 {30 Pico Pili SH | 3,000 D 10,569 
41 2 565 | 40 | 12 | = , az 4 7,425 
42 (23) | y y \y Sespe Olig SH y A y 
Vaqueros Mio 
43 y y ly Fernando Pli SH y iy y 
44 y y |y Vaqueros Mio SH y A y 
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nn ET 


Area Proved, Acres 


pee, 

Field, County to End 
c of 1936 Oil 
: Oil and Gas 
A Gas¢ 
a 
o 
5 eA he 
45 | Bix-Mission, Venture. ceo 200s oe ocyreid tenis sioieleiais dean smidlelelels win wsieeisisics 61 130 
46 | Hopper Canyon, Ventura..........02.ceccee ete eee e cee e eee c ete eneeeeees 48 80 
47 | Modelo, Ventura...........-- re, OE EA. SS Pein 38 60 
48"| Newhall, Venturdi no vets... = ae @ oan tate oleae cee leis. ois cletevaletate: Blatelpaje'a oie 47 160 
49 | Pico Canyon, Los Angeles. ..c.-<0cc csc sense scscdceessecrccesssessees= 61 75 
BO’ | Seape Canyon, Ventira sic. ..)2 2.05. cio acdacrncceelneecenseaes cae sianns 35 460 
51 | Shiels: Canyon, V enturi tow... eee «wise ee ois oc oie Sacre class ans aici Dee 25 350 
52 | Simi Susanna, Ventura........... BEN sla a aNero. ae Dae is Sarat a die eeremenese 24 596 
53.,|'Sisar Silverthread, Ventura’ isaica. <a wctes deecloe siete «/eieletvin o«sialecrs fale oal= ain 330 
54 | South Mountain, Ventura.... r 725 
55 | Sulphur Mountain, Ventura. . 40 
56 | Tapo Eureka, Ventura.. NG) te Oe, x BM RCND, ANP CORN See eh 55 170 
57 | Teméscal, Ventura...... 12 235 
58 | Timber Canyon, Ventura.... 38 110 
BO} 'Diptop Preano Canyon; Venturaic.ccc<ci tate t's ce rr =~ vielen te saan 18 50 
60: omey Canyons, VentUrdsiasicstacjacio sees aie a ta)> atin ee es aie eelee rent a 40 190 
61 | Wiley, Los Angeles............ BIE Te dein ras space oS eM ae ee 49 60 . 
62 | Watsonville, Santa Barbara, Santa Clara.......... 06000000 cece e cece eens 50 100 
68: Half Moon! Bay) San Mateo sens cstte vitesse. vasin's epee arte eke eet 50 80 
64.\| Lig Gatos, Sanita Barbara o:< ssjsc 400k at gpeaiva.s als)s) stare atseretete eee axe aielgeiel 7 20 
65 | Sargent, Santa Clara......--- 1... see es ence nett een eeee estes eee ees uy 60 
66 | Belridge, Kern..........+. BS PER sarc ce TEC TRIS Lg TO Bs eae 2534 3,200 
67 North, Deep... 64 
68 | North, Shallow 2414 \ 1,600 
69 South 2534 1,600 
70 36 
71 35 
72 334 500 
73 54 1,880 
74 | Elk Hills, Kern 18 9,600 
75 | Fruitvale, Kern.. 834 1,549 
76 | Kern Front, Kern 24% 3,320 
77 | Kern River, Kern.. 3614 9,633 
78 | Kettleman Middle, 9 5 980 
79 | Kettleman North, Kings, 84 16,670 
80 | Lost Hills, Kern 2634 2,310 
Sic] MoKitiriok “Renn: &.5gos «dinate paw m vine See ste ore ives. cine breceiec's eae 39 1,525 
BA Midway Maricopa: Ker tivass:ccciniversce: so Mata < ssaiviatns otaiatereriiois sidielatsesssia 3514 48,117 ; 
83 | Mountain View, Kern. . 314 2,220 
84 | Mount Poso, Kern..... --| 10%2] 1,925 
Soy | Premier cRieha 2). AvGiiedia sateousewr at Oe Rein se niorae Cores Teak tee 10 1,220 


86 | Round Mountain, Kern... 1,340 
88 | Wheeler Ridge, KO Woe wcdaeee et i DE amine ; 295 


89 | Buttonwillow, Kern...............- St AE BEE giale'ein a) ARES aM sls 0 Mert 7 1 
PTAA ES CRUE CB ry SEO cet Soe ey ee, 8 CORN CAG EMO Geet esas 7 1 
O1' | Devs Dens Kern. sc ssc aren ce soct cle havea eee aero eee ee 27 50 : 
99) MoVaTi, Kris asin ssosscsausrerenrenrss rrcrarers ryatan ute Weaver Rieke ote metata Reet eleel ote acto eters 4% 


ee ee Re 
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Area 
SF bes Total Oil Production, Bbl. Total Gas Production, Millions Cu. Ft. 
Total | ToEndof | During | During : To End | Duri i utd 
a = 1936 1935 1936 during | of i936 | 1935" mone gre 
& 1936 MCF 
# 
4 
45 130 (14,867) (14,400) (44) 
46 80 (37,454) 38,129) (93) 
47 60 y (4,841) (14) 
48 160 (57,863) (43,194) (109) 
49 75 (24,108) (22,866) (62) 
50 460 98,661 (100,650) (264) 
51 350 (7,992,010) | (142,494) | (301,905) | (1,039) 
52 596 (44,429) (39,213) (118) 
53 330 (61,139) (42,426) (114) 
54 725 | (19,106,510) | (591,843) | (685,247) | (1,878) 47,189 2,388 2,335 6,868 
55 40 (5,619) (3,489) (11) : 
56 170 (14,820) (11,898) (35) 
57 235 (128,825) | (249,254) (786) 
58 110 (18,891) (17,324) (29) 
59 50 (7,405) (5,111) (12) 
60 190 (52,003) (51,216) (143) 
61 60 (7,301) (6,397) (16) 
62 100 133,303 21,825 21,960 60 
63 80 y 
64 20 y 
65 60 y (8,363) (24) 
66 3,200 51,173,698 | 3,269,367 | 4,648,261 15,402 84,179 
67 (14,590,969) |- (2,680,432) | (3,904,936) | (13,483) 13,929 36,606] 128,636 
68 \ 1,600 | (15,880,626) | ~ (32/994) | (12,027) 50) 
69 1,600 | (20,702,103) | (915,941) | (731,298) |__ (1,869) 
70!) 14,699 | 346,612,523 | 4,954,048 | 3,947,681 10,056 1,093 
43 \ 36 117 
71 : 2,295,369 | 2,119,398 5,676 
72 500 With J Epead 582,320 | 1,450,486 4,672 
73| 1,880 3,138,512 979,269 | 2,023,451 5,683 
74 9,600 | 138,374,463 | 3,216,318 | 3,194,445 8,270 83,434 831 578 1,717 
75 1,549 11,865,465 | 1,847,528 | 2,902,620 8,941 
76 3,320 36,988,035 | 3,035,625 | 3,517,544 10,220 
17 9,633 | 268,930,077 | 1,482,484 | 1,645,180 4,305 
78 980 466,659 38,515 137,630 268 10,040 1,057 1,891 14,027 
79| 16,670 | 147,309,962 | 27,568,302 | 29,148,997 77,607 | 979,506 | 121,440] 109,048! 373,667 


80 2,310 35,491,538 | 1,761,978 | 1,346,757 3,613 ’ With Belridge 
81 1,525 85,739,444 | 1,393,985 777,420 1,764 


82 48,117 806,292,923 | 20,239,798 | 21,481,621 61,979 307,593 14,871 14,121 39,464 


83 2,220 21,783,907 9,228,891 9,712,658 21,999 28,515 11,083 15,622 48,533 
84 1,925 29,684,588 5,305,474 6,182,760 16,140 


85 1,220 861,000 234,414 564,450 1,882 

86 1,340 11,855,726 1,744,831 2,504,893 6,879 

87 800 188,464 0 188,464 1,181 2,969 2,969 14,488 
88 295 3,349,050 152,846 128,962 343 

89 1,750 Gas 6,101 2,036 

90 1,900 Gas 

91 50 (704) 

92 i (2,252) (11,848) (95) 


1 Lowest Flank 4200; bottom 4620 fat. 
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TaBLE 1.—(Continued) 


a Ce EE 


Number of Oil and/or Gas Wells Drilling Data 
During 1936 At End of 1936 ‘ Fists 
Sholion-| Top of | Produe- | ofan, 
gz pe wn est | Deepest aoe est Pro- 
g Bs 3 z Pes b>, | we! 2.6 | Zone ote Ft, | ductive 
23 2 3 g2 | 88 |B. (80/_3s| Ft . * | Zone Ft. 
s| es | F | 2 | 6B | ge | es3 (eal 222 
GRP] oe Se bo RS ee uaa oe 
45 (2) (24) (26) 
46 (3) (10) (13) 
47 (1) (13) (14) 
48 (8) (35) (43) 
49 (2) (34) (36) 
50 (8) (22) (30) : 
51 (12) (102) (114) 602 2,700} 1,800 4,200 
52 (52) (52) 
53 (5) (66) (71) 
54 (5) (85) (90) 1,000 2,200) 3,200 3,400 
55 (2) (2) 
56 (1) (22) (23) 
57 (7) (7) 
58 (1) (10) (11) 
59 (5) (8) (13) 
60 (1) (40) (41) 
61 (1) (12) (13) 
62 7 
63 27 ll 11 
64 13 13 
65 
66 120 196 316 
67 847 \ ll (5) (32) (37) 4,917 8,000 980 8,530 
68 2 (11) (8) (19) 2, 4,000 150 | 4,100 
69 (104) (156) (260) 1,000 4, 570 4,500 
70 
\ 1,915 5 55 367 244 611 j 100 2 420 520 
71 : 164 577 741 \ 100 420 520 
72 | With Round Mountain 1 58 59 With Round Mountain 
73 112 36 19 89 89 1,114 826 1,940 
74 368 135 151 286 2,400 3,000 400 3,200 
75 146 48 7 3 128 131 3,450 3,600 450 3,950 
76 3,264 \ 72 10 45 362 407 1,500 275 1,775 
77 1,141 938 2,079 217 , 450 767 
78 3 1 2 3 3 7,563 337 7,900 
79 197 |. 52 nr 70 122 192 6,070 8,240} 2,490 8,560 
80 With 5 10 105 271 376 300 1,430 520 1,930 
Belridge : 
81 557 5 4 182 126 308 600 3,500 400 3,700 
82 4,444 96 28 1,128 2,318 3,446 2,500 5,000} 2,000 5,500 
83 189 62 11 172 172 5,230 310 5,540 
84 297 37 26 60 197 257 1,450 1,605 210 1,755 | 
; 
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6 # Deepest 
Oil Production Character of Oil, P 
ee End of | Approx. Average Producing Rock Testa 
‘ during 1936 to End 
of 1936 
Gravity A.P.I. 
Number of Wells at 60° F. 
be 
D 
o ; Name Agef |. la ee of Ale one 
Bel eon 4s 2 3 g ise Ss 3 em ‘2 Ft. [33a 
24/8 | 3 le a as ep ESP Se dl te BEA 
© = 0 ie < 5D] @ £ joe S Hes 
ei\eléie\4|4 G3 BS |ségl 2 28s 
Sle | 2 | 2 Ea 5 laf) & Sele! 
45 (24)| y | y dy ieee Pli y| MF 
onterey : ‘ 
46 (10) | y¥ gy. \12 Vaqueros Mio SH y Ss 
onterey Mio 
a (13) | y y ly Vaqueros Mio SH y A 
48 (35) | y y |40 Mio A 
o i) y oy Wy Mio A : 
: y y |y 1,800 AF 7,42 
51 (2) (100) | 45 17 -|30 Sespe Olig ANS : 
52 (2)| y | y |y Sespe Olig SH ANS 
Monterey Mio 
53 (66) | y yo\y pe Olig SH AF 
54 (85) | 33 | 19 24 spe Olig SH | 3,200] A 5,922 
55 (2)| y y ly Monterey Mio SH A 
Meganos Eoc 
56 (22) | y y \y Vaqueros Mio SH A 
57 (7) | y y \y Vaqueros Mio SH A 
58 (10) | y y \y Vaqueros Pli MF 
Monterey Mio 
Pli 
59 (8) Sespe Olig SH AF 
60 (40) Olig A 
61 (12) Mio SH A 
62 7 
63 
64 Mio $ 
65 Mio SH A 
66 | 36 160 
Temblor Mio 
67 | (32) 4213) 127. Wagon Wheel Eoe SH 980 A 9,492 
68 | (1) (7) Etchegoin Pli SH 150 A 
69 | (3) (153) | 27 17 |22 Etchegoin Pli SH 570 A 
70 244 | 34 | 12 |18 Temblor Mio SH 420 A 
Santa Magarita Mio 
Temblor Mio 
71 577 \34 | 12 118 Jacalitos CreU SH 420) MUP 
72 58 | 17 | 16 116 Vaqueros Mio SH FM 
hanac Pli 
73 89 | 28 14 |20 Temblor Mio SH 826 M 5,003 
Etchegoin Pili 
74 151 | 38 15 |27 Kern River Pli SH 400 A 8,404 
75 | 26 102 | 23 15 |20 Etchegoin Pli SH 450 MF 4,542 
76 362 | 17 | 12 |14 Etchegoin Pli SH 275| MEF 
Lith 938 | 17 12 |14 Kern River Pili SH 450| MF 
78 3 58 52 155 Temblor Mio SH a7 A 
79 | 84 37 1 | 66 | 35 |38 Temblor Mio SH | 2,490 A 10,249 
80 271 | 33 | 14 |24 Etchegoin Pli SH.| 520 A 7,858 
81 1 135 | 22 12 {17 Htchegoin Pli SH 400 AF 6,664 
Etchegoin Pli | 
Santa Margarita Mio 
82} 17 2 | 2,299 | 28 | 12 {12 Maricopa Mio SH | 2,000} MC 9,753 
Kern River Pli 
83) 47 i 118 | 34 | 25 |28 Santa Margarita Mio SH 310); MF 8,419 
84 1 196 | 17 | 15 116 Vaqueros Mio SH 210; MEF 3,130 
85 33° "17 | a2 Ae Etchegoin Pli SH 113; MF 2,943 
86 1 54) 22 16 (|19 Vaqueros Mio SH 400} MF 3,763 
87 2 61.5 Monterey Mio SH A 32,000 
88 26 | 25) | 22) 25 Maricopa Mio SH A 7,154 
89 | 22 Gas Etchegoin Pli SH | 1,600 D 4,946 
90 Gas Tulare Mio SH 150 4,310 
91 18 Kreyenhagen Olig SH 75 
92 : Boulet 12 /14 
a eee eee 
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depth of 7807 ft. on Dec. 22. The well, located in sec. 19-29-26, about 
11 miles west of Bakersfield, is producing a zone from between the depths 
of 7738 and 7807 ft., all of which is solid Miocene oil sand. The initial 
production was at the rate of 2712 bbl. per day of 37.1° gravity oil cut- 
ting 15 per cent, through an 81é4-in. bean. On a potential test, the well 
flowed 2657 bbl. per day of 36.7° clean oil through a 98@4-in. bean, 
together with 2336 M. cu. ft. per day of gas. Careful interpretation of 
extensive geophysical work was responsible for the location of this well. 
Reserves of this new discovery should approximate those of the Ten 
Section field, 7 miles due south, which was discovered this year by the 
Shell Oil Company. 

Padre Canyon, Ventura County.—In March, the Continental Oil Co. 
discovered the Padre Canyon oil field through the completion of its 
Hobson No. 1 well, flowing approximately 650 bbl. per day of 29.5° 
gravity oil. This field is on the westward trend of the Ventura Avenue 
fold. The productive area is estimated to be 200 acres, with a possible 
reserve of 5 million barrels. The structure is a long, narrow monocline, 
sealed by a fault. 

Santa Maria Extension, Santa Barbara County.—During 1935, the 
Union Oil Co. drilled two wells in the Santa Maria Valley, a short distance 
southeast of the town of Santa Maria. These wells showed very small 
production of heavy-gravity oil, but subsurface data gained through the 
drilling of the wells indicated that greater productive possibilities might 
exist elsewhere in the vicinity. On this assumption, the Union Oil Co. 
drilled and completed its Adam No. 1 well on April 4, flowing 2376 bbl. 
of 16.4° gravity oil from a depth of 2576 feet. 


TABLE 1.—(Continued) 


Area Proved, Acres 


Age, 
Field, County ‘ Ree 
of 1936 
Lt 
q Oil Gas 
Az 
o 
=| 
a 
O3'}|: Pyramid Fills) Kari, souks aimee. casrccamhite fares Maiecenmeht bate tice canna y 
Od: | Newport; Oranges «2 cites «ses bits v dives KMRS Sin chee fs Leen aire eae Ceo 12%2 
OD: \| Trey aUseeN. ao bt an ketnae 6h CRED «ahs CG AMR aos ectleas codon amehon tele Santen & y 
OS | DEAN, SROs PREM ee dove sib dierhied «otha dhales Naw aite > Becher el tee tick eames y 
G7 |: Odlatin i Steals Betas. nt aieie aioe sues sa nsoat crs Reliable cae ees 7 
O8:)| Sem Crops, Katyn. ci 1.5 «ts kein: Gace eck te tien hee eae 2 
09. | MaDonaltl Tate, San: J paquins ic scsacea eaceut citeleaaiiem cnet a cients 34 
100 1) ids Viste nSolana'. «ty once tess seee caste. <laealeec ining ae ae PY 


101 | Greeley, Kern 
102 | Other fields 
Total 


elie: cant IT 
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The productive zone consists of Miocene (Monterey) sands and 
shales, which are sealed by overlap against the Franciscan formation. 
Production comes from both broken shales and oil sands. At the present 
time about 800 acres have been proved, and future development of other 
favorable acreage probably will bring the total productive area to over 
1200 acres. No pipe line has been built to the field, consequently there 
has been no sustained production from the wells. The oil contains 25 per 
cent gasoline by cracking. The large production to be obtained in this 
field at shallow depths should be very profitable. 

Ten Section Field, Kern County.—A number of wells have been drilled 
in California on structures located by reflection seismograph operations. 
The first oil discovery as the result of this work was that of the Shell 
Oil Co. with the completion of K.C.L. Stevens No. A-1 well in June, 
flowing 850 bbl. of 60.6° gravity oil, together with 1314 million cubic feet 
of wet gas. This production is coming from between the depths of 
7800 and 7888 ft. The well revealed the existence of a major source of 
supply, and is located about 8 miles east of the Elk Hills field in 
sec. 29-30-26. 

It is difficult to evaluate this discovery, but all available data indi- 
cate that the productive area will approximate 800 acres. The entire 
structure is apparently controlled by the Shell Oil Co. This is definitely 
a gas-cap field, and consequently production per acre is not likely to be 
very great. Nevertheless, since it is controlled entirely by one company, 
the field will undoubtedly be produced in such a way that the greatest 
possible recovery per acre will be obtained. 


TaBLE 1.—(Continued) 


oi Total Oil Production, Bbl. Total Gas Production, Millions Cu. Ft. 
Acres 
Daily iateceees 
A ‘ Average : aily 
5 To End of Durin, During = To End During During aie 
aa eo °1936 1935 1936 during | of1936 | 1935 1936 1936" 
E 1936 MCF 
a 
3 
93- y (18,768) 
101 
a5 4 Gas ya 448 448) 14,454 
96 y 
97 y Gas 
98 y 
99 x Gas 
ad 0 mas 960 
102 845 845 3,122 
4,670,178,576 | 207,832,131 | 214,773,315 582,077 | 4,602,517 298,127 327,180} 1,114,502 
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The Shell Oil Company’s K.C.L. No. A6, the second completion in 
this field, was brought in flowing 1600 bbl. of 36.4° gravity oil and 14 mil- 
lion cubic feet of gas per day from between the depths of 8315 and 8385 ft. 
This well was originally drilled to 8984 ft. and plugged back to 8385 ft. 
In an endeavor to obtain a low gas-oil ratio, all except 70 ft. of productive 
sand was blanked off. Drilling in this well indicated that possibly there 
is a maximum of 622 ft. of productive formations at the apex of this fold. 
Production is coming from the sands within the Miocene shales, the pres- 
ence of which were not previously expected in such quantity. 

Wilmington Area, Los Angeles County.—In previous years there has 
been scattered drilling north of Wilmington in the Los Angeles Basin, 
and small wells have been brought in from Pliocene sands containing oil 
of similar characteristics to that of the Torrance field. These wells were 
considered to have located an extension of the Torrance field. 

During 1936, the General Petroleum Corporation drilled a well south 
of this area, close to the Los Angeles harbor. This well tested a zone in 
the Pliocene which produced 200 bbl. per day; then drilled through the 
Miocene until it encountered the underlying Franciscan schist, with the 
objective conglomerate zone present just above the schist. This con- 
glomerate zone was devoid of showings, and was not tested. Tests of 
the deep Miocene zones showed very little production. However, on 
Dec. 8, the General Petroleum Corporation completed Terminal No. 1 
well from the top of the Miocene formation for 1389 bbl. per day of 19.6° 
gravity oil, between the depths of 3120 and 3648 ft. This well delineated 
data that indicated a new field with a possible productive area of over a 
thousand acres. The most extensive sand is the top, or Pliocene sand. 


TaBLE 1.—(Continued) 


Number of Oil and/or Gas Wells Drilling Data 
During 1936 At End of 1936 
Top of Bo 

re Shallow- Top of | Produe- | oe 
8 >a Deepest | _tive 

Pe 3 BE A be est Z Wo est Pro- 
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By 3 g BA | Be |ee fe5| BSS] rr Ft. Ft. | Zone F 

z ass 5 3 23 ac 384 aa =83 t one Ft. 

om PH : by Se 
H| és" | 8 | 2 | 88 | £8 | dss £8) 288 
93 1 1 
94 
95 7 4 1 6 6 
96 2 
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Elwood 
98 35 1 
99 2 2 1 
100 1 1 1 1 1 
101 1 1 1 1 
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4,702 2,186 10,012 | 32 | 16,932 
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From drilling data, it is indicated that the Miocene sands, which con- 
tribute the production in the General Petroleum Corporation’s well, 
will be very much less extensive than the overlying Pliocene produc- 
tive horizon, but much more productive. 

It is difficult to evaluate the reserves of this field, which apparently 
covers a very large area, but it is very probable that they will be similar 
to Torrance, and a reserve of over 40 million barrels of oil is indicated. 
This will be the most active field in the state during 1937. 


Gas Fields 


McDonald Island, San Joaquin County—McDonald Island field, 
about 10 miles northwesterly from Stockton, was discovered by the 
Standard Oil Co. The discovery well was brought in on June 2, flowing 
over 26 million cubic feet of dry gas per day from a depth of 5227 feet. 

Rio Vista, Solano County—The Amerada Petroleum Co. discovered 
the Rio Vista gas field through the completion of Emigh No. 1 well, which 
produced over 80 million cubic feet per day of dry gas from a depth of 
4485 ft. on June 19. 

Northern and Central California.—To date there has been no sustained 
production of gas from gas fields discovered in northern and central 
California, but there is considerable indication that the dry gas reserves 
are not large. 


DEVELOPMENTS IN PRoveD AREAS 


Bardsdale Field, Ventura County.—Efforts by various companies to 
locate productive measures in Eocene beds in the Ventura-Newhall 


TaBLE 1.—(Continued) 


Deepest 
il Productio Character of Oil, . Zone 
Redo Bad. of | Approx. Average Producing Rock ea 
1936 during 1936 eee 
Number of Wells | Gr@vity A-P.1- 
Depth 
8 N Ages Juke of Hole, 8 
+ = | § bel [or lege 
5 op a g g 3 S$ }e< d 3 3 PA 
4 2] 8 | 6 | 2 8] Ege! Hes 
2/5 mi) 81 a | ees) a A [eae] # eas 
ales | & tS] Ss eta So iz a a 
93 
94 
95 
96 6 
97 3 
a Koc 
99 
100} 1 Koc 
te 1 
10 
513 | 259 |11,458 


ns 


312 DEVELOPMENTS IN THE CALIFORNIA OIL INDUSTRY 


district have in all past instances been unfruitful. During this year, the 
Union Oil Co., drilling on its Dryden lease in the Bardsdale field, encoun- 
tered the Eocene at approximately 5250 ft. Various tests of formations 
between 5250 and 6561 ft. (present depth of the well) have indicated a 
capacity of about 200 bbl. of 29.5° gravity oil per day. The low per- 
meability of the productive sands indicates that the Eocene reserves in 
this field will not be large. 

El Segundo Field, Los Angeles Cownty.—During 1935, production was 
found by the Republic Petroleum Co. in the Los Angeles Basin east of 
El Segundo, in conglomerate between the Miocene shales and Franciscan 
schist. ‘Two subsequent completions were small and not very profitable, 
considering the depth and expense of drilling. 


TABLE 2.—Summary of Drilling Operations in California 


Important Wildcats Drilled in 1936 


Location 
; Total 
County Sec. Twp. Ree. ge 
t. 
Survey | Lat. Long. 

Th Alama se ihe Pics). ck ucts cis Wee Othe hierar ee ee ee aoe 13 3 3 5925 
DAN Wrennd,, Siatee cs acetoacetate ete ee ie aie lard aoe ietens ete eine k acetate 35 21 17 8387 
SA Regn Ou, vests SP ccutatn eer eaIR Ne ais eee iene tin eerie i etna Nee 30 16 15 6935 
vA Ween ec eects sista athe wipe ne oe oe enka tree re ee a ee alayn wiajeraiatals 31 21 15 2474 
Bi | Breen, ais. eecisicccteoam onal she, bt Cera 2a tie eles tran ao Son 36 21 14 2165 
Hel Keen Seba c neta ate ad cottere ote et eee ae rita rie Beene cee nels 1 26 20 5904 
AR ES. «ROMER Sins ee ec RE ea Cato COMO mal Cen tec ok ee 3 31 29 5630 
Si) Kern s Aerbrevank's Seite. cheb St ach. SRD erie tvs ithaaes aes Seed means 2 26 20 1143 
O° IKORR ects s cathe ciac ctl lee Rics orc ickety Mae wi cisloeat te ieaaietecke ete cats cate tate rae te 2 26 20 7858 
10 : 4 28 27 2840 
11 14 30 28 5291 
12 5 30 24 6149 
13 4 30 29 3553 

14 1 30 25 
15Y 1], Keeriteenes grervrsite ne eieeie state: ate aaa che hr iether eer aie ear ea 36 ll 19 5507 
1G, | erates resin, ty ea ted are ieee Siete cos arate estesin esac Mra ciate create 14 25 18 3509 
17 5 28 20 4854 
18 29 30 26 7888 
19 2 26 20 6887 
20 20 30 26 8900 
21 ll 28 27 2354 
22 8 27 27 2064 
23 34 27 28 2212 
24 29 23 19 8825 
25 28 22 20 5338 
26 20 4 13 6623 
27 33 3 14 6263 
28 33 3 14 7352 
29 13 4 13 6387 
30 4 5 13 6814 
31 27 4 13 3693 
32 21 3 9 4796 
33 7 6 10 3518 
34 36 3 9 2714 
: Bl P| de 
221 
O74} Gatith BALDAR ccc. wi trea ssh at tee Mia ee ean nae ERE ee nea 24 10 34 2576 
BB | VERGE neh, vase cttboaati cee ne ae ieee oa Cater: Titeien coon me ne aiite 15 3 24 5501 
SOB Ventura. tea Sa cree eta te care Beebe roe ei cee ee ee 26 2 23 7635 
BO") Ventura, obs a, « petine qe Leite kite te 5 vc ARR cal RR oe ce cn ela 26 2 23 9384 
BUS VONtOra i ctive «cee ectek satisinas ee his awiene ac AEE eae 7 3 24 3432 
425) VOUtUrAa Glpciccdtetaet wolev setae dich co tne eee kaw ase oT 7 3 24 3922 
43 NATO asset ialoin sare ae¥eotiyarccchaetne ere aan carne eral toledo eles ee Re Cee 26 4 2 4485 
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On Dec. 7, the Richfield Oil Co., drilling about 14 mile southeast of 
the discovery well, brought in El Segundo No. 1 well, producing 2600 bbl. 
a day of 28.3° gravity oil. This well had considerably more oil-bearing 
zone in the conglomerate than the above-mentioned wells, which accounts 
for its very favorable completion. Considerable drilling is anticipated 
in this area, with the probability that at least 500 acres may be proved 
to be productive. 

Ketileman Hills-North Dome, Kings and Fresno Counties.—Develop- 
ment at Kettleman Hills has been very active during the year, but per- 
formance of the field has not been similar to that of the usual California 
oil structure. It is usual for wells in California to have an increasing 
gas-oil ratio for a period of approximately six months, after which the 


TABLE 2.—(Continued) 


Important Wildcats Drilled in 1936 


Initial Produc- Pressure, Lb. 
tion per Day Bean per Sq. In. 
Drilled by td ret Remarks Lease and Well Number 
Oil, | Gas, | an Inch 
U.S. | Millions Cas- | Tub- 
Bbl. | Cu. Ft. cate Es 
1 | Seaboard Oil Corp. Abandoned 12- 1-36 | Johnson No. 1 
2 | Associated Oil Co. Abandoned 3- 5-36 | Whepley No. 5 
3 | Mohawk Pet. Co. Abandoned 12-13-36 | Langdon No. 1 
4 | Standard Oil Co. Abandoned 8- 5-36 | Camino No. 1 
5 | Standard Oil Co. Abandoned 6- 1-36 | South Coalinga No. 1 
6 | Associated Oil Co. Abandoned 10-18-36 | Taylor No. 1 
7 | Associated Oil Co. Abandoned 10-31-36 | Di Giorgio No. 2 
8 | Associated Oil Co. 32 Williamson No. 2 
9 | Associated Oil Co. Dry hole 10-24-36 Williamson No. 1 
10 | Associated Oil Co. Dry hole 4-27-36 | Skinner No. 1 
11 | Associated Oil Co. Dry hole 3-19-36 Nunez No. 1 
12 | General Petroleum 
Corp. Dry hole 5-27-86 | Doyle-McKeon No. 1 
13 | Ohio Oil Co Dry hole 9-15-36 | Edison-Seale No. 4-1 
14 | Ohio Oil Co Dry hole 8-15-36 | K.C.L. No. D-1 
15 | Ohio Oil Co. Dry hole 8-17-36 | Title Insurance & Trust No. 1 
16 | Richfield Oil Co. Dry hole 5-28-36 | Alferitz No. 2 
17 | Shell Oil Co. Dry hole 10-28-36 | Voight No. 1 
18 | Shell Oil Co. 850} 13.5 3464 | 1850 | 2100 K.C.L. Stevens No. A-1 
19 | Standard Oil Co. Dry hole 10-14-86 | United No. 1 
20 | Standard Oil Co. Dry hole 12-21-86 | K.C.L. No. 10-1 
21 | Union Oil Co. Dry hole 10- 5-36 | Perseus No. 1 
22 | Union Oil Co. Dry hole 6- 886 | Ford No. 1 
23 | Union Oil Co. Dry hole 5-17-36 | Murdoc No. 1 
24 | Standard Oil Co. Dry hole 5-14-36 | Well No. 38-29-V 
25 | Union Oil Co.. Dry hole 4-24-36 | Giannini No. 1 
26 | Richfield Oil Co. Dry hole 10-15-36 | Kleinmeyer No. C-1 
27 | Shell Oil Co. Dry hole 8-25-36 | Lloyd-Dabney No. 1 
28 | Shell Oil Co. Dry hole 5-12-36 | McKenna No. 1 
29 | Shell Oil Co. Dry hole 4-23-36 | Amebco No. 1 
30 | General Pet. Corp. 1389 Completed 12- 7-36 | Terminal No. 1 
31 | Gauthier Oil Co. 200 Completed 11-17-36 | Classificagion Yards No. 1 
32 | Continental Oil Co. Dry hole 5-18-36 | Carlton Community No. 1 
33 | Shell Oil Co. Dry hole 10- 6-36 | Anaheim No. 3-1 
34 | Standard Oil Co. Dry hole 5-28-36 | Yorba Community No. 1 
35 | Standard Oil Co. 26 Completed 6-2-36 McDonald Island No. 1 
36 | Union Oil Co- : Dry hole 4-17-36 Sudden No. 1 
37 | Union Oil Co. 2376| 0.4 Completed 4- 4-36 | Adam No. 1 
38 -| Continental Oil Co, 650 Completed 2-20-36 | Hobson No. 1 
39 | General Pet. Corp. Dry hole 1- 8-36 McGrath No. 1 
40 | General Pet. Corp. Dry hole 9- 6-36 McGrath No. 2. 
41 | General Pet. Corp. Dry hole 3-26-36 | Needham Permit No. 55-4 
42 | General Pet. Corp. Dry hole 2-27-36 Needham Permit No. 55-3 
43 | Amerada Pet. Corp. 80 : Completed 6-19-36 | Emigh No. 1 
a 
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ratio declines to a very small figure. Wells in Kettleman Hills, with a 
few exceptions, have an increasing gas-oil ratio; and decline in oil produc- 
tion is as yet along a straight line with but a slight tendency toward 
flattening of the curve. This is probably due to the fact that there has 
been no very great movement of edge water. 

Average completions in the field are approximately 1200 bbl. per day 
of oil, with a definite declining tendency. In the future it will be neces- 
sary to estimate the production per acre of gas-cap fields at a much lower 
figure than the usual California water-drive fields. 

Lost Hills Extension, Kern County.—For the last four years, activity 
at Lost Hills has been confined to exploration for deeper zones, and all 
efforts have been unsuccessful. Recently the Associated Oil Co., 
prompted by showings of oil in its abandoned deep test, Williamson 
No. 1, drilled a shallow well (Williamson No. 2) in an endeavor to locate 
the northward extension of the shallow zone. Up to this time this zone 
was productive only on the south plunge of the structure. Williamson 
No. 2 was completed on June 10 for 45 bbl. of 13.4° oil, and subsequently 
increased to over 300 bbl. per day. Later drilling indicated the presence 
of at least two more zones at shallow depths. The productive zones 
consist of oil sands on the flanks of the structure, which are overlapped 
at the top of the anticline. It is entirely possible that this newly dis- 
covered accumulation will extend over a narrow strip along the east 
flank of the structure for a considerable distance. 

Midway-Sunset Field, Kern County —Two new sources of crude supply 
were developed in this field during 1936: one, in what is now known as the 
“Williams Area”’ (in the south-central portion of the Midway-Sunset 
field), and the other, in the “‘Lakeview Area”’ (adjacent to the old Lake- 
view gusher in sec. 25-12-24). This new development has bolstered 
production of this field considerably, and has increased reserves to the 
extent of approximately 20 million barrels. 

Mountain View Field, Kern County.—Activity in this field during 1936 
tended to considerably enlarge the productive area and prove up approxi- 
mately 640 additional acres. Also, the Mohawk Petroleum Co. drilled 
two wells about a mile from the southeast edge of the field and completed 
them as small producers from a new zone overlying the basement schist 
at approximately 6100 ft. This discovery will prove of considerable 
importance if this new horizon is found conformable to the oil measures 
now being produced in the Mountain View field. 

Torrance-Redondo Field, Los Angeles County.—The Torrance-Redondo 
field was subjected to considerable development throughout the year. 
New production developed by the Dumas-Lewis Oil Co. adjacent to the 
westerly boundary of the old producing area caused rapid development 
of a previously restricted district, which was opened for drilling during 
the early part of 1936. Completions have ranged between 100 and 
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300 bbl. per day of 18° gravity crude, from 3300 to 3800 ft. Along the 
south side of this field, small production has been developed at a lower 
level by the completion of two wells from sands that lie between the 
depths of 4300 and 4550 ft. These new completions proved the conten- 
tion previously entertained that deeper drilling would be profitable some- 
where in the Torrance-Redondo series of folds. 


IMPROVEMENTS IN DRILLING AND Propuctinac EQuIPMENT AND PRACTICE 
DURING 1936 


Drilling 


New surface equipment includes independent rotary drive and 
automatic feed controls. There has been a pronounced increase in the 
use of wire-line core barrels, especially on wildcat wells. 

Controlled pressure drilling in low-pressure sands is still in the experi- 
mental stage. Development so far has not been very promising. 

Technological aids to drilling include: 

1 The use of thermometric surveys to determine height of cement 
outside casing and (still experimental) the logging of formations behind 
pipe by testing their thermal conductivity. 

2. Electrical logging of formations in cased holes. This must also 
be considered as partly experimental, since results are often unreliable. 
The great need for these data is evidenced by the growing use of this 
service in spite of its lack of reliability. 

3. The use of pressure recorders and maximum-reading thermometers 
on formation tests and water shutoff tests is yielding valuable information 
as to the productivity of formations. 


Producing 


Hydraulic pumps, long-stroke pumping units, and double-acting 
pumps have not as yet justified their early promise of meeting the prob- 
lem of successfully lifting large quantities of fluid from deep wells. 

A dynamometer, designed to be run on the pump itself, is giving 
valuable additional information on the behavior of the pump and in the 
analysis of pumping problems. 

A device operating on the echo principle shows promise of providing 
a quick method of determining fluid level in wells, whether the well is 
on production or not. 

The problem of completing wells in depleted oil sands, which are 
likely to be seriously mudded up during drilling, is being met by: 

1. Keeping mud in good shape. 

2. Use of chemicals during cleaning out to break down mud cake on 
the walls and permit fluid entry. This method has shown good results, 


although it is not uniformly successful. 
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3. Perforation cleaning tools run either on drill pipe or on bailers 
are having good results. Those working on the suction principle rather 
than on pressure are favored. 


CONCLUSIONS 


It is difficult to predict definitely the trend of production in California. 
In the past, it has been our experience that a price increase (which is 
normally expected in the spring) is invariably accompanied by the return 
to production of previously unprofitable wells. 

During the year 1934, the average initial production was 1274 bbl.; 
during 1935, an average of 711 bbl., and during the first 10 months of 
1936, an average initial production of 328 bbl. per day for the 1028 wells 
completed. This decline in the average initial production of new wells 
indicates that the rate at which we may expect to recover our oil reserves 
is diminishing during the present cycle. 

Withdrawals from reserves during 1936 are estimated to be approxi- 
mately 214 million barrels. Additions to reserves during the year by 
reason of new discoveries were somewhat less than this amount. 

Despite these facts, it must not be considered that there will be an 
early shortage of crude in California, since other factors tend to offset 
their effect. In the first place, the natural demand for California oil 
will be considerably decreased by the normal trend of declining shipments 
to the Atlantic Coast and Atlantic foreign ports. These regions do not 
constitute natural markets for California oil, as greater supplies of oil 
at lower prices are closer to them. For years California producers have 
made strenuous efforts to stabilize their industry. At present there is 
proportionately less oil cracked in this state than in any other district in 
the country; but with increased demand for gasoline, the use of the crack- 
ing method can be so adjusted that the supply of gasoline available for 
market will take care of all demands for a considerable period in the 
future. Increased mechanical efficiency of automobiles will also tend 
to decrease consumption of gasoline. 

As a result of this natural stabilization of the oil industry, we antici- 
pate a very active and profitable year during 1937. 
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Oil and Gas Development in Colorado in 1936 
By C. E. SsHormnretr,* Mremper A.I.M.E. 


THE discovery of oil in the Powder Wash structure in northwestern 
Colorado late in the fall. of 1936 is the most important development in 
Colorado since oil was first discovered in the Moffat dome in the same 
county in 1923. 

The Powder Wash structure gives promise of developing into an oil 
and gas field of major proportions and is of particular interest’ because 
the oil was found in Tertiary rocks of Eocene age, which heretofore had 
been productive in the Rocky Mountain region of gas only, and very few 
of the many structures of this kind have been tested because it was 
believed that oil production probably would be confined to rocks of 
Cretaceous age only, and these were, in most instances, at excessive 
drilling depths. 

Powder Wash is one of a series of small domes in the belt of folds and 
faults on the south side of the large but shallow depression known as 


TaBLE 1.—Oizl and Gas Production in Colorado 


Area Proved, Acres Total Oil Production, Bbl. 
Field, County es 
83| o To End of | During | During 
: get) Ol | and | Gas | Total | "1930 |- 1935, | 1936 | 6.28 
OS <x 5 
< Ez oe 
i 0 
j # ab 
L| Berthoud, Larimer. «<<: sccaaee 6 sic ine n es ic 510 510 41,317 4,017 3,446 8 
AMS OULAEN,) DOUSIEM. ete oloiis se cakes ainretotee 34 400 400 622,914 6,357 5,951 16 
3 | Florence-Canon City, Fremont..........- 75 | 9,000 9,000] 13,345,121 69,995 67,961} 181 
MBE Collins, Lita ef ore cco: cierernisiararsverocatoretelers 13 400 400} 2,041,702 26,544 23,391 70 
5 | Garcia, Las Animas. .......0. 26.00.0000 10 640) 640 
6 | Greasewood, Weld..............+-- Rae 6 200 200 433,759 26,981 18,924 34 
7 | Hamilton (Moffat), Moffat... 13 400 400} 5,197,682} 150,703} 150,327) 434 
8 | Hiawatha, Moffat......... 9 3,180} 3,180 
9 | Tes, Moffat........0005.5+5 12 600 600) 5,346,187} 1,027,901] 1,164,540) 2,698 
10 | Mancos Creek, Montezuma 40 40 3,816 724 218 0 
11 | Model, Las Animas.... 8 2,000} 2,000 
12 | Rangely, Rio Blanco. 17 320 320 431,838 29,746 28,774 82 
13 | Tow Creek, Routt... 12 200 200| 1,472,050 65,864 63,636} 173 
14 | Walden, Jackson... . Bl!) 320 320 156,886 0 0 0 
15 | Wellington, Larimer. Meee 2a COO; 1,000) - 4,552,967} 110,566 95,218} 236 
16 NY GUAM ecole etic aiai7 sien cits ee unger 12,880} 510 | 5,820) 19,210} 33,646,239] 1,519,358) 1,622,386 


@ Footnotes to column heads and explanation of symbols are given on page 291. 


Manuscript received at the office of the Institute April 12, 1937. 
* Geologist, Petroleum Information, Inc., Denver, Colo. 
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the Washaki Basin. The oldest exposed rocks on the crest of the Powder 
Wash structure belong to the Wasatch formation of Eocene age. Green 
River beds with outliers of Browns Park beds are exposed on the flanks. 
According to W. T. Nightingale, who mapped the structure for the 
Mountain Fuel Supply Co., it has a closure of about 100 ft. The first 
well drilled by the Mountain Fuel Supply Co., in the northeast corner of 
sec. 5, 11 N., 97 W., was completed in Wasatch beds at a total depth of 
2152 ft. It had an initial open-flow capacity of 34,000,000 cu. ft. of gas. 

Oil was discovered Nov. 26, 1936, by the Mountain Fuel Supply 
Co. in a well drilled on the NE. SW. SE. of sec. 32, 12 N., 97 W., 
about 14 mile north of the gas well mentioned above. When the well 
was first drilled in, it flowed at the rate of 60 bbl. of oil an hour from a 
sand in the Wasatch at 5014 to 5032 ft. On production test, through 
open tubing, it flowed at the rate of 4714 bbl. of oil an hour. The oil is 
green in color and has a gravity on the A.P.I. scale of 39.9°. It has an 
exceptionally high wax content and congeals at 50° Fahrenheit. 

One of the more important wildcats starting in Colorado at the end 
of the year is the Dry Mountain test of the Anderson-Kerr Drilling Co. 
and Phillips Petroleum Co. on the C. SE. SE. of sec. 19, 9 N., 99 W. 
Location for this test was released following the discovery of oil at Powder 
Wash. The well starts in Green River beds, estimated to have a thick- 
ness of from 600 to 800 ft. As Tertiary beds at Dry Mountain lie uncon- 
formably on the Lower Mancos, the depth to the objective Cretaceous 
oil sand, the Dakota, is estimated at 2000 feet. 


TaBLE 1.—(Continued) 


: Oil Production 
Sle h ens Nig Number of Oil and/or Gas Wells Beath, sve Methods at en ha per 


End of 1936 
During Number of Average at 
1936 At End of 1936 ells End of 
FE | “ BE bal sec & © Initial 
oo] ‘Ss Wi > A= oe ., 
3| = Ey 12 |S eSSz182| 3] 2] 32 _ | tow-| pum 
“| gs 23 As gas EI 3 as 3 3 33 $32 eg] ing ing 1935 | 1936 
S| 22 |2a| 2S sh] & | 2 SalES ESSE SHS | ts 
op Bed ciety Ba pt al chad he on Be 
1 466.8} 51) 40.8 5} 0} 0 3] 1 4| 2,940 | 2,920 3 600 100} 95 
2 ee Ol ee | 8 2,000 
3 202] 0] 0 105 105 2,200 105 
4 15} 0} 0 11} 4,560 | 4,535 11 
5 | 2,886 195} 197 15| 0 1 1 8 8 1,600 12 4 4 
6 8| 0 1 3 3 3 
7 23; 0} 0 12 12} 3,880 | 3,860 12 
8 | 13,042.7] 2,190} 2,785.8] 10} 0] 0 10 10| Sand Lenses 850 | 800 | 785 
9 37| 1 0 32 32| 3,315 | 3,295 16 15 
10 3311 0} 0 0 0 375 0 
11 19 0 0 6| 0} 0 0} 1,004 960 25 12 
12 50] 0} O| 1 4 4 600 4 
13 17| 0] 0 15 15 2,600 15 
i econ 
500 | 4,480 22 
16 | 16,414.5] 2,436) 3,023.6) 1,509 3] 3] 2 | 229) 9 | 234 19 195 


1 Field abandoned in 1936. 
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The Dry Mountain structure is the west dome in Colorado of a series 
of domes on the Uinta Mountain uplift, which trends in an east-west 
direction across northeastern Utah and northwest Colorado. It is formed 
in beds of Tertiary age with Green River on the surface and Browns 


TaB_e 1.—(Continued) 


eee ea Deepest Zone Tested 
rox. Average Producing Ro 
touring 1936 Character of 8 Rock to End of 1936 
wre Approx. 
: verage Sto 
Gravity A.P.I. during 1936 Hei 
at 60° F. ag 
by, S} 
, : Aue 
4 ts BoD oS 
q glateel |g. (st Dawah feos B)< 28] 3 [P28 Dae bak 
3 i pe) pe} . = ha & 
2| 8 E eel. as |e se 3 | Bias 2 |gs% oe 
2/8 | t85| 8| 22 eae 2\ 8 \e83) @ Sse Bs 
|S |S EA} a] ao [64° O|e 4] a fe o= a 
1 38.5} P | 1,120 | 0.09 | Hygiene CreU | S | 20 20 A Lakota (CreL) 4,031 
2 38.6) P Pierre CreU | H MF 45 | Morrison (Jur) 3,497 
3 31 P Pierre CreU | H TS | 1,097 | Fountain (Pen) 1,875 
4| 37 34.8] P Muddy-Dakota| CreU | S | 12 25 A 4 | Dakota (CreU) 4,995 
5 LASL |, 2 Benton CreU | H D 7 | Morrison (Jur) 1,392 
6 42 |P Muddy CreU| S | 9 35 A 6 | Morrison (Jur) 7,040 
Dakota CreU 188 
7 ai } P Sundance Jur 8 | 14 20 D 11 | Sundance (Jur) 4,490 
8 1,080 asatch Eoc Siy £ D Mesaverde (CreU) | 7,577 
9 ot he Sundance Jur § 9 20 D 5 | Sundance (Jur) 3,447 
10 40 | P Mancos CreU | 8S y | ML 30 | Dakota 1,280 
11 2 Santa Rosa (?) | Tri S | 22 44 D 2 | Fountain (Pen) 2,010 
12| 52 | 42 P Mancos CreU | H A 46 | Weber (Pen) 7,173 
13 oo | P Mancos CreU | H A 2 | Gneiss® 5,310 
14 50'- | B 4 Muddy-Dakota| CreU | S | 14 90 | AF 2 | Morrison (Jur) 5,258 
15 37.4| P Muddy-Dakota| CreU | S | 12 20 A 8 | Sundance (Jur) 4,992 
16 


2Tnert; 7.9 per cent helium. a) 

3 Wells produce large quantities of COs gas; not utilized at present. 
4 Figures from recovery indicate 20°+-. he 

5 Oldest sedimentary formation tested Thaymes (Triassic). 


TaBLE 2.—Summary of Drilling Operations in Colorado 


Important Wildcats Drilled in 1936 


Initial Pro- 
Location pein 
Total Deepest : een 
County —_________—_| Depth, Horizon Drilled by ———_———| Remarks 
Ft. Tested wih os 
. 5. Pa® 
= 3 -2 |e 8 5 
g|&\ 8 a [826 
Weed ainsaets i 13 | 8S. |57W.| 6004 | Lakota C. E. Lambert Dry hole. 
; eae See etter ciate 6 |11N.|68W.| 3242 | Ingleside The California Co. Dry hole. 
uN MUG HR ation etree e cssreis 32 |12N.|97W.| 5032 | Wasatch — Mountain Fuel Supply Co. | 1140 5 
A\ ProwerSenneee nas: +i 15 |23S. |46W.| 5913 | Mississippian | Trojan Oil & Gas Co. Dry hole. 
5 | Washington........ 28 | 1S. |49W.| 7005 |Granite | | Ind. Terr. Ill. Oil Co. Dry hole. 
Biel Welder sets. cca syaieini 21 | 8N.|59W.| 6965 | Dakota series | Continental Oil Co. Dry hole. 
TMC UI yore eters eines as 21 | 28. |43W.| 5595 | Granite Ind. Terr. Ill. Oil Co. Dry hole. 


In Proven Fields | Wildcats 


Number of wells drilling Dec. 31, 1936......-.-. 02-20. sse eee eeseseeeeee 4 1 
Number of oil wells completed during 1936...........--....2+++seeeeyees 14 1 
Number of gas wells completed during 1936................++-+sseeeeees 1 0 
Number of dry holes completed during 1936.............-.+.+seeeeeeeees 4 15 
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Park beds exposed in an escarpment along the southwest side. The 
structure is believed to have a closure in excess of 500 feet. 

At the close of 1936 four wells were actively drilling in widely scattered 
sections of Colorado; 14 wells were shut down for the winter; and three 
rigs were up. During the year nine wells were completed, adding 
2760 bbl. of new oil and 16,550,000 cu. ft. of gas to the state’s production. 
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Oil and Gas Development in Illinois in 1936 


By Aurrep H. Beti,* Memper A.I.M.E. 
(New York Meeting, February, 1937) 


THE year 1936 in Illinois was marked by considerably increased 
activity in drilling, both wildcat and proved territory, in leasing, and in 
seismic and geologic exploration. Of the 92 oil and gas wells completed 
during 1936 in Illinois, 49 were oil wells, 3 were gas wells and 40 were dry 
holes. This compares with but 34 completions in 1935. The total of 
the daily initial productions of the new oil wells was 1755 bbl., or an 
average of 36 bbl. per well. 

One new field was discovered, the Bartelso field in Clinton County. 

The leasing of some large blocks of acreage in Clay, Marion, and other 
counties by the Carter Oil Co. in the late fall of 1935 was followed in 1936 
by extensive leasing in southern Illinois by 10 major companies and many 
smaller companies and individuals. It is estimated that 214 million 

- acres were under lease by the end of 1936. Seismograph surveying has 
been carried on by about seven companies, and the number of seismo- 
graph parties operating in Illinois has varied from six to eight throughout 
most of 1936. It is estimated that approximately two million dollars 
has been spent in the state in seismic and geologic exploration and in 
leasing during the last quarter of 1935 and all of 1936. 

Production of crude oil in Illinois in 1936, according to the Bureau of 
Mines, was as follows: 


BARRELS BARRELS 

JAWUATY: eaeewensn. ee. coals ola ehh SZ DAOOOE gL sacsuege echo cea icnCe Rees 402,000 - 
PIGGY RS ceed ofan ne bere DOL DOL Aneusteei sfc. ote er 380,000 
INT Liege eect. accent leben 390 000m Septembere..s 4a: scien aces 386,000 
PAC rll coe eet erseces Ie PRP oh sivoye athe BATEOOOY wOctobererccreec.ccicss aero exe 393,000 
EV Det ype ee eats i rabagsre acdc eke = 350 000m November a es: aac 363,000 
TONES 3 Oh tee ee cle eran ote 383-000) Decembersany-ase: ee eee | 65,000 
4,445,000 


This 4,445,000 bbl. was an increase of 3 per cent over 1935. Although 
this increase was due largely to the fact that production was not arti- 
ficially curtailed, it also reflects some new production and some increases 
in production from repressuring and water-flooding, which offset the 


Published with the permission of the Chief, Illinois State Geological Survey, 
Urbana, Illinois. Manuscript received at the office of the Institute Feb. 17, 1937. 
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TABLE 1.—Oil and Gas Production in Illinois 


Area Proved, Acres Total Oil Production, Bbl. 


Age, 
Years 
Field, County to 
End of s 

he 1936 Oil Gas Total |To End of 1936) During 1935 
E 

7, 

g 

& 

1 Lala eect ing he 2 ‘ ben A oo 27,600 + oe + 

2 | Westfiel arker ip KOMEN, COME Sete snc A i z 

3 \ vp) 850 75 925 z z 

4 9,000 0 9,000 z z 

5 1,500 0 1,500 x x 

6 | Siggins (Union Twp.), Cumberland, Clark........ 30 3,580 75 3,655 z = 

7 3,135 55 3,190 x x 

8 435 15 450 z x 

9 855 105 960 x x 
10:|, York, Cumberland 5.cu onteehist ashe tenicie eae 310 40 350 z z 
1 '| Casey; (Clarke S a Aan wc Gelade eee 29 1,925 55 1,980 z x 
12 190 15 205 = x 
13 400 0 400 4 x 
14 1,525 15 1,540 2 F 
15 {| Martinsville: Clarkice. wcteres. oem clecttieatters. ates 29 710 155 865 x x 
16 15 20 35 x x 
17 275 35 310 x x 
18 105 0 105 F x 
19 170 0 170 z = 
20 195 0 195 2 z 
21 5 0 5 E x 
22 || North Johngon, | Clayk osc cpr fewreeteta «teeters 29 1,320 20 1,340 z z 
23 1,115 0 1,115 = x 
24 1 0 160 z x 
25 820 5 825 z x 
26 215 0 215 z E 
27. | South Johnson, Clarkyiico. c.f cents cee sweats 29 1,715 65 1,780 x x 
28 185 5 190 7 x 
29 295 0 295 z x 
30 1,675 35 1,710 z z 
31 84. 5 850 x z 
32 | Bellair, Crawford, Jasper.........sssecseseeees 29 1,300 5 1,305 z © 
33 1,165 0 1,165 z x 
34 315 0 315 F = 
35 910 0 910 £ x 
36 Clark County Division!................... 19,960 475 20,435} 51,450,000+ 479,000 
Bil Main’, Cratofard .2.'st de cos ae vcreisita 5 sis 0,ssape ate 30 35,135 515 35,650: x x 
38 340 0 340 £ £ 
39 33,795 510 34,305 7 z 
40 1,000 0 1,000 £ x 
41 | New Hebron; Crawford, oo: o<cicnoivsiesce veteaeeete 27 1,350 210 1,560: z z 
AD) || Chanman’ Crawford soncss <> eceisra/s vaieaninetentee 22 1,045 515 1,560 x x 
45°\"\Parker: Cratord icc) ssastasdasee asco eaterete 29 1,310 30 1,340 2 z 
44 | Allison-Weger, Crawford.............00cc0eeees y 1,075 20 1,095 z Zz 
£5i0| MiaG ROOKS, Ceara «ns nce weuliveenen seme sire y 1,375 545 1,820 2 x 
46 | Birds, Crawford, Lawrence................+0005 y 4,370 115 4,485 x x 
47 Crawford County Division’................ 45,655 1,945 47,600} 140,390,000 1,532,000 
48 | Lawrence, Lawrence, Crawford............0.0045 30 24,150 1,550 25,700 x x 
49 5,015 35 5,050 x x 
50 2,240 2,240 2 x 
51 345 1,095 1,440 2 x 
52 15,960 220 16,180 2 x 
53 4,020 200 4,220 x ¢ 
54 - 6,950 0 6,950 2 £ 
55 | St. Francisville, Lawrence. ...........2eeeeeee0s y 420 0 420 z r 
56 Lawrence County Division’................ 24,570 1,550 26,120) 219,343,000+ | 1,785,000 +- 


1 Total of lines 1, 2, 6, 10, 11, 15, 22, 27, 32. 

2 Includes Kibbie, Oblong, Robinson and Hardinsyville. 
3 Includes Swearingen gas. 

4 Total of lines 37, 41 *, 43, 44, 45, 46. 

5 Total of lines 48 and 55. 
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> Footnotes to column heads and explanation of symbols are given on page 291. 
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Taste 1.—(Continued) 


Oil Production : 
Depth, Pressure, Lb. per Character of Oil, Approx. 
Average in Feet eatin its End of Sq. In. Average during 1936 Character of 
ky es Gas, Approx 
Average during 
Number of Average at Gravity A.P.I. at 1936 
Wells End of 60° F.26 
Bottoms| To Top “3 
of Pro- | of Pro- a In- om 
3 oe pe: fe itial - 
ells | Zone won bees 1935 | 1936 | § e\.# "ee ae oe 
: 2| 3 S5 4 : z #|BO| , | om &s 
2 Ee aoa H | 2 | -BE \es\2) 28 | 48 
3 a ey chet (oS = | 5 |e<|2"|a|a° | 6 
1 215 159 13 z E 2 z Zz x z y\y 
2 418 200+} 2 z | 38.4| 28.3 | 34.0] y| M x z 
3 376 281 y z z ci y y 30.0| y|M zt x 
4 446 334 y x z z| y y 33.5] y|M z zr 
5 2,568 2,265 y z z z y y 37.0| y|M z z 
6 916 | A2 £ x z | (36.9)| 27.4 | 33.0] y|M x x 
7 465 367 y x z z y y 34.0| y|M z z 
8 562 478 y x £ z| y y (33.6)| y | M £ z 
9 590 556 y E x zily y (25.7)} y|M = z 
10 680 588 44 z z z | 33.9| 30.0 |(30.3| y| M z z 
11 473 a1 Ge x gz | 37.2) 27.2 | 29.2| y|M x z 
12 358 263 y x x z| y y (31.9)} y | M x x 
13 426 309 y z z z| y y (30.1)} y | M z r 
14 505 444 y 2 x z| 2 y (33.6)| y | M x z 
15 135 | A2 x x z | 37.5 | 30.2 | 36.8) y|M = x 
16 411 255 y x r z y y y y|ly z = 
17 511 449 y x z z y y y yi\y z x 
1 506 477 y Ef = z y y y y\ly 2 x 
19 1,418 1,340 y x x zi oy y (38.9)| y| M x x 
29 1,596 1,553 y E 7 x E y y y yly x z 
21 2,830 2,708 1 x z z| y y (39.6)| y | M x z 
22 457 z z z | 36.2| 27.2 | 31.0| y|M z zr 
23 486 416 y x z ei y y y y\y z = 
24 451 314 y r F z y 7] y ylu r z 
25 508 465 y x 2 Z y y y yi\ly Ea z 
26 554 534 y x x F y y y yv\ly x z 
27 487 x x z | 35.1) 28.5 | 32.2] y|/M x = 
28 549 392 y F 7 z z y y y yl\ly x x 
29 518 453 y Ed z z{ y y y y\y z x 
30 570 489 y x z ziey y y yly z 2 
3s 618 598 y x = x vy y 28.5] y|M x x 
32 407 | AG2 2 2 z | 35.6 | 27.3 | 33.7] y| M x x 
33 726 561 y x z x y y (32.4)| y | M z x 
34 907 817 y x 2 2) ¥ y y yly z z 
35 920 886 y 2 x z| y y (37.0)| y | M x zr 
36 3,351 22 4 x z | 39.6] 25.8 | 33.0) y F = 
37 5,388 23 425+| y y | 36.8| 25.1 | 33.0] y|M 960 2.5 
38 822 508 v x z zr} y ] ] y\y x z 
39 960 900 y 24 425+] 2 z | 36.8] 25.1 | 32.8) y|M 960 2.5 
40 1,416 1,337 y 2 £ ee y vy y\y x x 
41 975 940 181 | G2 x x z | 35.0] 24.3] 30.1] yly x x 
42 | 1,015 995 77 | AGI x x z| -v v y v\y e\. 2 
43 | 1,025 1,000 221 x x zi ey ] y yly Z| 2 
44 912 65 £ L z | 30.4) 22.6] 29.5] yj y Z x 
45 945 935 152 z z z | 26.6] 20.1) 22.5) yl|y @ z 
46 950 930 482 | AZ x z xz | 34.1] 26.5] 31.3) y L < 
47 6,534 26 425+| 2 z | 38.6] 18.5) 32.5) y Mt 960 2.5 
48 3,304 | Al 650+ C7) z | 39.3] 26.7 | 82.9) y|M y 2.4 
49 | 1,000 7] z z 2| y y 7] yly z|. 2 
50 | 1,265 1,250 y z x z| y ] y vily ze 
51 1,345 1,330 v x E feu ey y vy uly x x 
52 | 1,480 | 1,400 y 600+) 2 z| y y 7 y\y z| 
53 1,580 | 1,560 y 650 z zi ov 7] y y\y z| 2 
55 1,710 1,700 y x a2| sy y y y\y x z 
55 1,865 1,848 45 x zg | 37.3 | 37.3 | 37.38) yly x E] 
56 3,349 | Al x & x 


8 Numbers in this column indicate numbers of injection wells. 
21 Gi, Al4. : 
22 G1, AG13, A8. 24 G17, AG20, A42. 
wat pei A42. ( citaht % ot pes oa ties as -a 
All gravities given (exce! ose in parentheses) were from data or the year 1925 furnished by the Illinois Pipe Line Co. 
Grravities in parentheses are for particular samples; see Illinvis State Geul. Survey Bull. 54, Table : 3. The caleh tae been 
cotrverted from Baumé to A.P.I. gravities. 


- 
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the abandonment of old wells, which had been increasing during the 
years of low prices (1931-1933). A preliminary estimate of the total 
value of the crude oil produced in Illinois is $5,500,000. 


TABLE 1.—(Continued) 
oe ks a a a nS i a aa 


Produci: Deepest Zone Tested 
me ok to End of 1936 
~28 
Ee 
be Name Agef cy 3 be N Depth of 
3 oy a PS ca Hole, Ft. 
Es Kullactmhl Je cele soe SEs 
Z 8 2 | Be | 2B | 88s 
z 5 es ee 
a A S oq = 355 
Sh SZ AQ Z nD 4 
1| Unnamed Pen iS) Por én ML 0 Pen 715 
2 | See below D 101 Trenton 2,918 
3 | Shallow gas sand Pen 8 Por 36 D x 
4| Westfield lime Mis L L Cav x D z 
5 | Trenton (Ordo) Ordo L ee x D x 
or 
6 | See below, D 28 Dev. limestone 2,010 
7 | First Siggins sand Pen rs] Por x D x 
8 | Second and third Sig- 
gins sand © Pen iS) Por bs D x 
9 | Lower Siggins sand Pen iS) Por E D x 
10 | York sand Pen § Por (3 AM 2 960 
11 | See below AM 20 MisL 808 
12 | Upper gas sand Pen 8 Por Ei AM 5 
13 | Lower gas sand Pen 8 Por x AM 12 
14| Casey sand Pen § Por x AM 20 
15 | See below D 5 St. Peter 3,411 
16 | Shallow sands Pen iS] Por x D 1 
17 | Casey sand Pen 8 Por i) D 5 
18 | Martinsville sand MisL L Por x D 1 
19 | Carper MisL 8 Por é D 1 
20 | ‘ Niagaran” Der L Por x D 3 
21 | Trenton Ordo L Por x D 1 
22 | See below AM 16 Mis 965 
23 | Claypool sand Pen 8 Por o AM 12 
24 | Shallow sands Pen 8 Por z AM 4 
25 | Casey sand Pen 8 Por x AM 12 
26 | Upper Partlow Pen iS] Por 2 AM 16 
27 | See below AM 29 Mis 1,160 
28 | Claypool sand Pen s Por x AM 3 
29 | Casey sand Pen 8 Por x AM 11 
30 | Upper Partlow Pen § Por oc AM 29 
31 | Lower Partlow Pen iS) Por z AM 10 : 
32 | See below AM 14 MisL 1,471 
33 | 500 Ft.” sand Pen iS) Por & AM 3 
34 | “800 Ft.” sand Pen iS) Por x AM 3 
35 | “900 Ft.” sand MisU iS] Por 5 AM 12 
36 33+ 213 
37 | See below 202 Trenton (Ordo) 4,620. 
38 | Shallow sand Pen iS] Por ue ML x 
39 | Robinson sand Pen § Por 25+ ML 67 Trenton (Ordo) 4,620 
40 | Oblong Mis SorL Por x A, ML 23 Mis 1,479 
41 | Robinson sand Pen s Por 2 ML 5 Mis L 2,056 
42 | Robinson sand -| Pen 8 Por x ML 10 Mis 2,279 
43 | Robinson sand Pen s Por x ML 10 Pen? 1,127 
44 | Robinson sand Pen 8 Por x ML 6 Pen 1,041 
45 | Robinson (Flat Rock) | Pen 8 Por x ML 8 Pen 1,032 
46 | Robinson sand Pen NS) Por x ML 12 MisL 1,731 
47 Pen, Mis 8 Por ML 251 Trenton (Ordo) 4,620 
48 | See below A 84 St. Peter 5,190 
49 | Bridgeport sand Pen S Por 40 19 
50 | Buchanan Pen ) Por 15 3 
51 | “Gas” sand ) 5 
52 | Kirkwood s 10 
pra : 
54 | McClosky : 
ood iS) 0 Mis 1,900 
7 an 84 St. Peter 5,190 
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In most Illinois fields the 1936 oil production differed only slightly 
from that of 1935. Slight increases took place in Crawford and Lawrence 
Counties and slight decreases in Clark and St. Clair Counties, no change 
in these counties being greater than 3 per cent. Production from the 
Colmar-Plymouth oil field, McDonough and Hancock Counties, nearly 
doubled, because of air repressuring. The Marion County district of the 
Illinois Pipe Line Co., which includes the old Carlyle, Sandoval, Wamac 


TABLE 1.—(Continued) 


Area Proved, Acres Total Oil Production, Bbl. 
Age, 
Years 
Field, County to 
End of 4 

x 1936 Oil Gas Total |/To End of 1936} During 1935 
a) 

Zz 

57 |: Allendale Wabash i5<\cs ceo. atsnraganccpleo nes 24 1,670 0 1,670} 4,220,000+ 280,000 + 
58 | Total Southeastern Illinois Field®............... 91,845 3,970 95,815} 415,403,000 4,076,000 
59 | Colmar-Plymouth, sags McDonough........ 23 2,450 0 2,450} 2,140,000 86,800 
60 | Pike County'Gas; Pikes. ceccecewees some beh 317 0 8,960 8,960 0 0 
61 | Jacksonville, Gas, M bes Fs aetna a metaetiiona te 26 30 1,290 1,320 2,100 0 
62 | Carlinville, Macoupin.......... vos] 2720 30 50 80 2 0 
63 | Spanish Needle Creek, Macoupi 21u 0 80 80 0 0 
64 | Gillespie-Wyen, Macoupin. . 21 40 0 40 x 1,925 
65 | Gillespie-Benld Gas, Macoupi 132 0 80 80 0 0 
66 | Staunton Gas, Macoupin. . ...| 208 0 400 400 0 0 
67 | Litchfield, Montgomery............0c0eceeeeeen 574 100 0 100 22,000 0 
68 Collinsville, Madison noe ancncies dco anu eae 271 40 0 40 715 0 
GO“ :Avers' Gas: Bonds sdies cela acomecsde memtaniise oe 14 0 320 320 0 0 
70: |\Greanville: GasBond .c cp veaeeen seen Came kas 2616 0 160 160 0 0 
TA WiCarl vig Clintons: «cuca usta ene «Mem pe iain te 25 915 0 915} 3,289,000+ 39,500 
721 Brogtown, CUnton vs. moncon tamerons lama ere 1817 300 0 300 x 0 
13: EARGOWALs DELANO cctarnnsvstesaie ctteay teva hebereinicte ete 27 770 0 770| 2,607,000 + 27,000+ 
74. | Centralia, Marion ccc cnenasdascnsqanes sss 26 175 0 175 x y 
75 | Wamae, Clinton, Marion, Washington........... 15 250 0 250 353,000 + 35,000+ 
RG. | Drain t Clade Vcore ace vice otk sears waa 8 670 0 670| 877,600 51,500 
GEN W QtORGOs D1 ONNOC cc ars: a's amis. a a elas caveetsne oe 167 125 0 125 166,000 0 
78 | Sparta Gas, Randolph............-00+eeeeeeees 1918 65 100 165 z 0 
79 | Ava-Campbell Hill, Jackson.................4- 194 70 370 440 25,000 0 
80 | BArteled, CHONG won dm ole retire < Reco site pee 1 200 0 200 40,700 + 0 
81 FLOtAL TIMMONS ces dat te cles Busmnscee te te 98,085 | 15,770 | 113,855} 425,495,000 | 4,322,0002 


6 Total of lines 36, 47, 56, 57. 
7 Abandoned 1930. 

10 Abandoned 1925+. 

uu Abandoned 1934. 

12 Abandoned 1935, 

18 Abandoned 1919. 

M4 Abandoned 1904. 

6 Abandoned 1921. 

16 Abandoned 1923. 

17 Abandoned 1933. 

18 Abandoned. 

9 Total of lines 58 to 79 inclusive. 


2% The total oil production is the e furnished by the U. 8. Bureau of Mi t figure 
given in the table, which were obtain a ‘om other pte Alen tee rpet th hia hong) de! 


ta 


ALFRED H. BELL Svar 


and Macoupin County fields and the new Bartelso field, had an increased 
production of approximately 30,000 bbl., or 31 per cent over 1935. The 
Bartelso field itself produced approximately 40,700 bbl. of oil. A 
decline in the production of the Carlyle field from 39,500 bbl. in 1935 to 
28,200 in 1936 was owing to the fact that about 13 former producers were 
made input wells for water-flooding, and up to the end of 1936 no increased 
production from the adjacent wells had been effected by the water. 
Lack of sufficient gas reduced the amount of pumping in the whole field. 

The well that discovered the new Bartelso oil field was located on the 
crest of a dome that was mapped, described, and recommended in 
Bulletin 20A of the Illinois State Geological Survey, published in 1912. 
Subsequent test wells on the west flank of the dome had obtained show- 
ings of oil but until 1936 there was no drilling on the high part 
of the structure. 

The discovery well of the Bartelso oil field was the Bartelso Oil and 
Gas Company’s C. Trame No. 1 well, SE. 14 NW. 14 sec. 8, T.IN., 


TaBLE 1.—(Continued) 


foe aa oduction, Lary th re oe Number of Oil and/or Gas Wells 
During 1936 At End of 1936 
mcs 
Daily = q 
2 Average | To End of fa al ins 

5 During 1906)) © during 1936 | ¢ | = |Ag|s a) be a vs 
Nov. 1936 oS oS ea || 54 3 S | HS | wy | wo] woh A 
g >|» l|exls3| 2 | 2 | €8) 22 ealgs| 2 
2 F/ 2 /ee|F2| | 2 | 22/22 beical zt 
| SU ees eho. | o4 at pee ede ee ee 
57 | 220,000+ 365+ z y y) oy 41] 4 | 11 y 819] yalh-0 || 319 
58 | 4,137,600 | 10,557 x y y| y |19,005] 26 | 258 | 48 | 13,553] y | 1 | 13,554 
430 0 0 0} 0 463] 9 0 | 69 196] 0] 0| 196 
to ee 0 x 0 0| 0 68} 0 0 0 0} o| 0 0 
61 0 0 z te x ‘e 53 0 y y (() et) y y 
62 0 0 x 0 0) 0 8} 0 0 0 0} 0} 0 0 
63 0 14.4 0 0] 0 7} 0 y 0 0) 0} 0 0 
64 4,758 0 0 0 0| 0 22| 0 0 | 12 o| o| 0 0 
65 0 0 135.8 0 0| 0 4) 0 0 0 o| o| 0 0 
66 0 0 1,050 0 o| 0 18] 0 0 0 0| 0} 0 0 
67 0 0 t 0 0| oO 17| 0 0 0 0| 0} 0 0 
68 0 0 0 0 0] 0 5} 0 0 0 0| o| 0 0 
69 0 0 | 117,447 | 13,420/37,047] el 0 0 0| 0 | 10 10 
s ° ? % oof 0 | teal co | | ot | sel | ols 

A 0 0 
EOE OEE arg So Be BSED bak ex 

A g2+ 0 0 0 y 
es pr y 0 0 0) 0 22) 0 0 y 3] 0] 0 3 
65+ 0 0 0] 0 103} 0 4 y 46] 0| 0 46 
i 5100" 138 0 0 0 F 2377 0 0 45] 0] 0 45 
0 0 0 0] 0 23] 0 0 0 0} 0! 0 0 
i 0 0 z 0 en) 20/0 0 0 0} 0] 0 0 
a] , : 3 a ler ols begslcot alcelot <5 
0 0 0} 0 

1 4.445000 12,1008 z y y| y |20,433) 52 | 262 | 150 | 13,985] y | 11 | 13,996 
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R.3W., Clinton County, total depth 1037 ft., initial production 115 bbl. 
from the Carlyle sand (Cypress formation, Chester series). Up to the 
end of 1936, nine producing wells had been drilled, having total initial 
daily productions of 1016 bbl., or an average of 112 bbl. per well. The 
boundary of the field to the west and south is fairly well defined by three . 
dry holes, but to the east and north the nearest dry holes are one mile or 
more from the nearest producing wells. Approximately 200 acres have 
been proved for production to the end of 1936; future drilling may 
possibly extend the producing area to as much as 600 acres. 

The 13 wells drilled in McDonough County were all in or near the 
Colmar-Plymouth field. All of the nine producing wells were small, the 
initial daily production averaging 4 bbl. per well. 

In the southeastern Illinois field, which includes Clark, Crawford, 
Lawrence and Wabash Counties, 31 wells were drilled, resulting in 23 oil 
producers having average initial daily productions of 15 bbl., and two gas 
wells from which the gas is not being used outside of the producing leases. 


TaBLE 1.—(Continued) 


Oil Production 


Depth, Pressure, Lb. per Character of Oil, Approx. 
Average in Feet sas End of Sq. In. Average during 1936 Character of 
Gas, Approx. 
: Average during 
Number of Average at Gravity A.P.I. at 1936 
Wells End of 60° F. 
Bottoms] To Top : 

of Pro- | of Pro- = In- a 
8 ductive | ductive = itial as 
E Wells | Zone e 1935 | 1936 | g Bs z es} sé 
Z 3 4 | 2 |38 zo # | 62 
2 & 2] 2 | Se Ss\ 8/53) as 
5 = = | 3 |e<|g*|3/a°] S 
57 1,460 1,425 z x @| 35.9] 24.1] 35.1} y | y r ) z 
58 39.3 | 18.5 | 33.1 y 2.4 
59 468 447 x x x 0 
60 275 265 0 x F z : : 4 ahs Es x 
61 335 330 0 x x Cs 2 x x 850 y 
62 398 380 0 135 z 2| 2 2 27.7|/2 |y x z 
63 405 305 0 y 7] y vis 
64 670 650 0 2 P) 3} 2 z 30 ae 
65 555 542 0 155 x x 788 y 
66 491 461 0 145 x x F z 
67 674 664 0 x 2 | x 21.7) 2 |y x z 
68 1,400 1,305 0 x Z x x z Ea on x z 
69 945 940 0 335 310 1,050 0 
70 993 927 0 z x x 0 
71 1,055 1,035 88 « z a | 37.0] 34.2 | 85.2} y | y £ % 
72 957 950 0 z z 2| y y 31.9) y | y x z 
73 1,560 1,540 x 2 z| 35.1] 32.7 | 34.5) y | y 
74 1,150 1,130 x z z| 35.0] 31.0 | 32.0} 2 | 2 
75 760 720 z x az {| 30.8] 29.3 | 30.2) y | P 
76 651 601 2 z ziy y 32.7) y | y 
77 460 410 F & z| 30.1) 29.5 | 30.0) 2 | 
78 857 850 F x 2 x zt z 271 #8 2 z 
79 798 780 115 z Oa 2 x i ES Ie x x 
80 1,032 1,011 y y y z y (32.0)} y | y y y 
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In the Dupo field, St. Clair County, seven oil wells were drilled, 
having average initial daily productions of 33 bbl. per well. Three 
wildcat wells were drilled in the remainder of the county, all dry holes. 
Only one of the three was located on known favorable structure—the 
W. O. Shock et al. Evans-Fritz No. 1, total depth 630 ft., SE. 14 SW. 14 
SW. 14 sec. 32, T.38., R.6W., on a dome mapped and described in 
Illinois State Geological Survey Illinois Petroleum No. 18. The well 
ended near the base of the Chester series and therefore did not test the 
lower Mississippian and other underlying formations. 

An extension of the producing area of the Ayers gas field was made 
when the Ray, Evans et al. John Merry No. 1, NW. 14 SE. 14 sec. 30, 
T.6N., R.3W., Bond County, total depth 942 ft., was completed on 
Feb. 3, 1936, with an estimated initial open-flow capacity of 114 million 
cubic feet per day. This well is approximately 14 mile south of the 
nearest producing well and extends the proved area. The Ayers gas 
field furnishes gas for municipal and industrial use in Greenville. 


TaBLE 1.—(Continued) 


Deepest Zone Tested 


Producing Rock to End of 1936 
to] 
eo 
a3 
5 pa Depth of 
D e) 0 
3 Sad pe gm A ps pie Hole, Ft. 
Ss o ‘6.8 oi pata kaat 
g Soest bah vB te Be |e as 
a 2 @ | Be | 3 Fine 
[> ma »~ > ze ra =| 
3 a a Bo Woae bat 
57 | Biehl sand Pen NS) Por 20 AM 43 MisL 2,228 
58 595 
i d Dev 8 Por 21 A 3 Trenton (Ord) 805 
ep ‘aia Sil L Por 10 A 0 St. Peter 893 
61 | Gas sand Pen, Mis , SL Por 5 ML 8 Trenton (Ord) 1,390 
62 | Unnamed Pen $ Por x A 0 Pen 410 
63 | Unnamed Pen 8 Por x D 1 Pen 495 
64 | Unnamed Pen 5 Por £ aT 14 Trenton (Ord) 2,560 
65 | Unnamed Pen 8 Por x A 0 Pen 575 
66 | Unnamed Pen Ss Por x A 0 Trenton (Ord) 2,371 
67 | Unnamed Pen 8 Por x D 0 Pen 681 
68 | Trenton Ord L Por 20 ML 0 Trenton (Ord) 1,500 
69 | Lindley (2d) MisU § Por i A 0 MisL 1,150 
70 | Lindley a 2d) MisU i) Por x A 0 Mis 1,065 
71 | Carlyle MisU iS) Por 20 A 17 —«~*| Sil 2,620 
72 | Carlyle MisU s Por 7 D 0 Carlyle y 962+ 
73 | Benoist MisU 8 Por 20+ D 7 Mis 1,732 
2 B 
2 ke late Pen, MisU 8 Por | 20 |D,ML| 6 | MisL 1,779 
75 | Petro Pen S Por 20 D 0 Benoist 1,484 
76 | Trenton Ord L ny 50 A 0 | Trenton (Ord) 819 
‘or 
ti Ord L Por 50 A 19 Trenton (Ord) 845 
i Be one sand MisU S Por 7 D 5 | MisU 985 
79 | Unnamed MisU NS) Por 18 A y Dev 2,530 
80 | Carlyle MisU iS) Por 21 D 0 Carlyle 1,065 
81 671+ 
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Of the 30 wells drilling or temporarily shut down at the end of 1936, 
three are of special interest because of their location in the deep basin 
area. ‘Two of these, the Pure Oil Company’s Bradley No. 1, SW. }4 SW. 
14 NW. 14 sec. 26, T.1N., R.7E., Wayne County, and Weiler No. 1, 
SE. 14 SW. 4 SE. 4 sec. 33, T.3N., R.8E., Clay County, were located 
on the basis of seismograph surveys. These had reached depths of 
approximately 2050 and 1425 ft., respectively, at the end of the year. 
The third, the T. E. Baldwin et al. H. Nichols’ No. 1, SW. 14 SE. }4 sec. 
12, T.4N., R.4E., Marion County, is on the basis of a surface structure 


TaBLE 2.—Summary of Drilling Operations in Illinots 


Wildcats Drilled in 1936 


. tial 

Location Se 

duc- 

tion 

ie ran ae dl OFA Deepest 
Surface : . per | Re- 
County | Seo. | Twp. | Ree. |Depth,) Formation | Horizon prea my Day | marks 
Oil 

Sur- _ 

vey Lat. | Long. rep 
1 31 6N.| 3 W.} 1118 | Pleistocene | Chester F. S. Ray et al. Dry 
2 7 28. | 3 W.| 780 | Pleistocene | Maquoketa Super Oil Co. Dry 
3 11 |18N.} 9E.| 1725 | Pleistocene | Trenton Meyers et al. Dry 
4 10 3.N.| 2 W.| 1283 | Pleistocene | Chester Hempen et al. Dry 
5 5 1N.| 4 W.| 1090 | Pleistocene | Chester Goldschmidt et al. Dry 
6 25 2N.| 4 W.| 1097 | Pleistocene | Chester J. Young et al. Dry 
if 8 1N.} 3 W.| 1118 | Pleistocene | Chester Ohio Oil Co. Dry 
8 4 1N.|] 3 W.| 1090 | Pleistocene | Chester Meyers and Hawley Dry 
9 7 1N.| 3 W.} 1039 | Pleistocene | Chester Nollem Oil and Gas Co. Dry 
10 i 1N.| 3 W.} 1026 | Pleistocene | Chester Cooksey et al. Dry 
11 4 1N.}| 3 W.} 1058 | Pleistocene | Chester Jonas et al. Dry 
12 3 1N.| 3 W.| 1089 | Pleistocene | Chester Hempen and Burgess Dry 

13 8 1N.| 3 W.| 1037 | Pleistocene | Chester Bartelso Oiland GasCo.| 115 
14 8 1N.| 3 W.| 1030 | Pleistocene | Chester Nollem Oil and Gas Co. Dry 
15 6 |14N.| 7E.| 260 | Pleistocene | Pennsylvanian | Meyers et al. Dry 
16 15 | 8N.|14W.| 721 | Pleistocene | Pennsylvanian | National Cons. Oil Co. Dry 

17 15 8N.| 14 W.| 681 | Pleistocene | Pennsylvanian | National Cons. Oil Co. 10 
18 5 4.N.| 11 W.| 1460 | Pleistocene | Ste. Genevieve | Yaw, Pierson, Sage Dry 
10)) Logantonagy cee 22 |18N.] 2W.] 575 | Pleistocene | Pennsylvanian | Ed. Hood et al. Dry 
20] Macoupin...... 15 8N.| 8 W.| 465 | Pleistocene | Pennsylvanian | Boone Oil Co. Dry 
21| Macoupin...... 36 | 11 N.| 9 W.| 1076 | Pleistocene | Devonian Hettick Oil Dev. Asso- Dry 

ciation 
22| Marion........ 8 | 2N.]| 4E.| 587 | Pleistocene | Pennsylvanian | Iuka Oil and Gas Co. Dry 
QB Pike, teh do etree 19 55. | 2 W.| 412 | Pleistocene | Devonian Super Oil Co. Dry 
24 | Pope esssguter 18 |135S. | 6E.} 1000 | Chester Ste. Genevieve Redes Semen Bar- Dry 
ger, et al. 

25: Popeircs<teapies 5 |118S. | 7E.} 455 | Chester Chester O. B. Clark et al. Dry 
26 | Randolph...... 31 48. | 5 W.| 904 | Pleistocene | Chester Cain and Beattie Dry 
27) St. Clair....... 2 | 2N.] 6 W.| 1085 | Pleistocene | Ste. Genevieve | Eisenmayer et al. Dry 
28 | St. Clair....... 32 | 35. | 6W.| 630 | Pleistocene | Chester W. O. Schock Dry 
29) St. Clair....... 2 | 2N.} 6W.| 1000 | Pleistocene | Ste. Genevieve | Eisenmayer et al. Dry 
30 | Vermilion...... 31 | 20N.| 12 W.] 230 | Pleistocene | Pennsylvanian | Central Assoc. Dry 
31] Washington....] 33 | 38. | 4 W.| 1100 | Pleistocene | Ste. Genevieve | Hunlith et al. Dry 
32] Washington....| 34 | 18. | 5 W.) 1068 | Pleistocene | Chester J. E. Yock Dry 
33 bike ys ie Roa 10 18. | 3 W.| 1820 | Pleistocene | Ste. Genevieve | Fricke et al. Dry 

OAL, shies 225 


In Proven Fields | Wildcats 


Number of wella'drilling Deo. 81; 1086; ...5::..0:06 + cree cey evslececee acteots 3 


6 
Number of oil wells completed during 1936............c0cecceceecvccuseece 47 2 
Number of gas wells completed during 1936...............0.c0ceccueeeeees 3 0 
Number of dry holes completed during 1936...............0.0cececececuees 9 31 
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(the Iola dome) described in a publication of the Illinois State Geological 
Survey’. It had reached a depth of 760 ft. at the end of the year. 

Of the 33 wildcat wells listed in Table 2, the great majority were not 
located in areas of known favorable structure. 

It has long been recognized that there should be a systematic program 
of coring oil sands and making laboratory tests on the cores for the 
purpose of making reliable estimates of oil reserves in the producing 
fields of the state and to aid in applying improved methods of recovery. 
During previous years this program has been held back by lack of drilling 
but during 1936 for the first time substantial progress has been made. 
During 1936, cores of six sands have been taken in eight wells as follows: 
three from the Robinson sand (Pennsylvanian) in Crawford County; one 
from the Bridgeport sand (Pennsylvanian) in western Lawrence County; 
one from the Kirkwood (Cypress formation, Chester series) in eastern 
Lawrence County; one from the Hoing sand (Devonian) in the Plymouth 


TABLE 3.—Wells Drilled in Illinois in 1936 


Initial Production 
Total 
County Comple- Oil Gas Dry 
tions ; Oil, Gas, 
Bbl. M. Cu. Ft. 
Bond Mei ek ee ta otrocs, cess 2, 0 1 1 il 
SPO Wiest N05 Sera Sielaels uhee!s it 0 0 1 
(Glivnrayaysstca eee utes oxi ae 1 0 0 1 
CHINE ey eeiccines eres tna gea Ree Cae a 9 6 1 D, 16 a 
Glinconmn ist eee en ees 19 9 0 10 1016 
GrawiOrds, tas cdaotach athe eis eats 11 9 0 2 49 
WOU plas anche. Gy cxayeie aeehepePiarerect « 1 0 0 J 
CENEYOXS 1 ey Succ Py See, CROC MOREE Ren HENS ROE 2 1 0 1 10 
WP CLIC MEN ERT: clokee cies ce nece c clnls 6 5 0 1 41 
TRO GLMEPEN RR Bipot Asses ee oe tl 0 0 I 
MieMonoughes cs. 0.26.6 sent « 13 9 0 4 38 
Maou. Ser eetacts SW 2 Seed i 2 0 0 2 
Marion 1 0 0 1 
[Ee A nd ORCL Sees BENET Erol eae 1 0 0 il 
ROME meen os ie eerste aia Sete 2 0 0 20 
Ramcolp arr. 36 oc Se erat 1 0 0 1 
Se Ota ew, ce fers See ear AOe Ws 0; 3 352 
Wemiinilionerrgegs sia wis ties <tc 1 0 0 1 : 
VVADASTIAMMS Stitt dtc eatrake Sates 5 3 1 1 233 1 
\WIGKS OOOOH, corer tonecte tnd ooo OO 3 0 0 3 
LO Lallincshe teeta are siefninie tasuat 92 49 3 40 1755 2.5 


2 100 lb. per sq. in. closed pressure. 
ee eee a ee ee a 
1J. M. Weller and A. H. Bell: Geology and Oil and Gas Possibilities of Parts of 
Marion and Clay Counties, Illinois, with Discussion of the Central Portion of the 
Illinois Basin, Illinois State Geol. Survey R. I. 40 (1936). 
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field, McDonough County; one from the Carlyle sand (Cypress formation, 
Chester series) in the Bartelso field, Clinton County; and one from the 
Biehl sand (Pennsylvanian), Allendale field, Wabash County. The 
Illinois Geological Survey plans to publish the results of tests on the cores. 

Three new repressuring plants, two using natural gas and one using 
air, were installed in Illinois oil fields in 1936. These were all in Craw- 
ford County and are using one, three, and six input wells, respectively. 
In the last-mentioned operation an increase in production has already 
been noted. In general other repressuring plants continued in operation 
with few changes in number of key wells (Table 1). 

No new water-flooding projects were undertaken in Illinois fields in 
1936. In some of the previous projects, as for example in the Carlyle 
field, Clinton County and Wamac field, Marion County, the number of 
input wells was increased. Neither of these fields had increased pro- 
duction in 1936. 

Acid treatment of ‘‘lime pays”? was used in 12 wells in Illinois fields 
in 1936. One of the wells treated was a new producer, so that no com- 
parison is possible between oil production before and after treatment. 
The particular well referred to was a McClosky “‘sand”’ (Ste. Genevieve 
limestone) well in eastern Lawrence County. It had an initial production 
(after acid treatment) of 25 bbl. per day. Of the 11 old producing wells 
treated with acid, 6 had reported increases in production. Total daily 
production of the 6 wells before treatment was approximately 15 bbl. 
and after treatment approximately 170 bbl., an eleven-fold increase. 

The fourth annual petroleum conference of Illinois-Indiana was held 
at Robinson, Ill., June 1, 1936 and was attended by about 150 oil oper- 
ators, geologists, and geophysicists. The program was devoted to 
discussion of seismograph exploration, the geology and oil possibilities 
of the Illinois basin? and field problems in the recovery of oil. 

The Fourth Annual Mineral Industries Conference of Illinois, held 
at Urbana April 24 and 25, included two half-day programs on oil and 
gas, one on Researches in Progress, the other on Needed Researches. 
Five of the ten papers presented have been published?, 


2 J. M. Weller: Geology and Oil Possibilities of the Illinois Basin. Illinois State 
Geol. Survey Ill. Pet. No. 27. 
’M. H. Flood: Problems in Oil Recovery. Oil Weekly (June 8, 1936) 81, No. 13, 
37-38. 
W.S. Corwin: The Permeability of Oil Sands in Relation to Increased Recovery. 
Oil Weekly (June 15, 1936) 82, No. 1, 58-62. 
W. Bell: A Comprehensive Survey of Reserves and Underground Conditions in 
Illinois Oil Fields. Oil Weekly (Aug. 24, 1936) 82, No. 11, 38-40. 
A. H. Bell: Studies of Repressuring and Water-flooding. Petr. Engr., 7, No. 12, 
60-62. 
F, Squires: Present Status and Future Possibilities of Acid Treatment in Illinois 
Oil Fields. Petr. Engr.; 7, No. 12, 40-42. 
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At a meeting of the Kansas Geological Society at Topeka, Kansas, 
Sept. 5, 1936, during the annual field conference, a paper was presented 
on Recent Oil Activity in the Illinois Basin‘. 

Data on the production of natural gas and natural gasoline in 1936 
are not yet available. According to the U. S. Bureau of Mines (Mineral 
Market Reports No. M.M.S. 530, Feb. 12, 1937) the production of 
natural gas in Illinois in 1935 was 1448 million cubic feet (compared with 
1838 million cubic feet in 1934). The average value in cents per thousand 
cubic feet at the wells in 1985 was 8.4¢ and the total value at the wells 
was $122,000. Data concerning natural gasoline from 1931 to 1935 
inclusive are given in Table 4. 


TABLE 4.—Natural Gasoline Produced in Illinois 


Value 

Production, Natural G ; 
Year oe Total Preated, See ar be 

of Gallons Die ans Unit Gants Millions Cu. Ft. 

of Dollars 
1931 5024 204 4.6 2106 2.39 
1932 4558 139 3) oP 1924 23k 
1933 3673 194 5.3 1701 2.14 
1934 3810 183 4.8 1512 2-52 
1935 ! 2642 141 5.3 _ 1076 2.64 
PRODUCED BY CoUNTIES IN 1935 
Production, kee NEeaener Yield, Gal. 
Po ae i Thousands | Thousands | Millions Fo ue 


of Dollars Cu. Ft. 


Clark and Cumberland............. 352 20 96 3.65 

OTe WLOLOME va crtokionis is suee bathe ¢ 1583 86 632 2.50 

Lawrence and Wabash.............. 707 34 348 2503 

RLATCRLO LAL eam eet hsm ee nits eesuase 2642 140 1076 2.46 
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Oil and Gas Developments in Indiana in 1936 


By Raupn E. Esargey* anp M. M. Fipiart 
(New York Meeting, February, 1937) 


ConpiTIons in the oil and gas industry in Indiana were somewhat 
better in 1936 than in the previous year, owing in large part to increased 


TABLE 1.—Oil and Gas Production in Indiana 


Area Proved, Acres 


Age, 
Field, County Rood 
f 1936 i 
8 ? oa] OR satel a, SY Aiea 
Zi 
s 
3 
1) Trenton, | * Many 66e08. 6:5.cde vance ews cae wea 50 102,222 25,222 650,222 778,222 
2. Greensburg, Decaturs.!. See imae oe oe sinaiereieied as crest 43 0 19,2272 19,222 
8: | Loogootes;, Martin-Davtess....ccadsstcw..e sana acts ashe via 36 6rxr 1,222 1,822 
4} West Princeton, Gibaon. ......« . ton meds coe even bees vies 33 860 5rz 860 
5 | Oakland City, Pike....... | ee 2,000 y 2,c0x 
6 | Harrison County, Harrison... «.| 26 0 0 6,200 6,200 
7 | Shelburn-Graysville, Sullivan........ Rate ie wag 4,1rzr 3rz 1,822 6,202 
8 | Union-Bowman, Pike-Gibson........2.00..ccccvccceeees 20 2,4rx 0 4zrz 2,822 
DAMON Pele seorn ciavattters clere7a.a'darefeanralssrelel ctw ste rerelatan ejetaavs 17 220 0 870 1,090 
10 | Oatesville-Wheeling, Pike-Gibson............6.00ceeeeee 17 1,6rz 0 0 1,622 
11 | Tri-County-Somerville, Pike-Gibson.............00ceeeee 11 160 80 240 
U2 | Nealon Davieeax cs getrracstocutes nis. ae eiiis:n creda leeetete tie 10 400 400 
TB [OLOBL, V4G0-wSULRRE IDs welce akc am eta Ginsiechrame a cinahtc cs 10 510 510 
14 | Rock Hill-Grandview, Spencer............0..0eceeeeees Ee 160 160 
LO WULOS SPENCER a pectic wmevicn anes eae Mn cae eee 8 75 y 80 155 
LO s|EXANCIECO: GEDROM ate.n cance ini ans oeloesisainelainnes aitate 7 9rx 9rx 
47 | udson ville Daten, ovina atria ns stove 1a 7 0 0 4xra 4zra 
18 | Bristow, Perry....... 7 120 0 55 175 
19 | Unionville, Monroe. . Fs 7 2,200 2,200 
20” Oaktown. Kinoriin: cis cc peetaeitas cccec one monereecs 6 40 760 800 
21 | Vanderburgh, Vanderburgh......... 5 250 250 
22 | Blairsville, Posey......... ee ET 600 0 0 600 
VERMA G ee cy Mec tene hee Mee RO ee eee 1.1 0 0 3rxr 3rr 
® Footnotes for column heads and explanation of symbols are given on page 291. 
Manuscript received at the office of the Institute Feb. 17, tables April 27, 1937. 


* State Geologist, Indianapolis, Ind. 
{ State Gas Supervisor. 
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activity in drilling inside locations in the fields of southwestern Indiana. 
Drilling activity throughout the state actually showed a decrease over 
the figures for 1935, but there was an increase in both oil and gas pro- 
duction over that for 1935. The old Trenton area and the Harrison 
County gas field saw almost no new development and exploration, but 
these areas continued to furnish a steady output of gas. 

During 1936, including old wells drilled to deeper horizons, 194 wells 
were completed in Indiana, of which 45 were oil wells, 53 gas wells and 
96 dry holes. The high percentage of dry holes is interesting in view of 
the fact that nearly 75 per cent of the holes drilled were within proven 
areas. Many wildcats were drilled, especially in Daviess, Gibson and 
Pike Counties, in an attempt to replenish the diminishing gas supply in 
those counties, and many more were drilled in Perry County in the search 


TaBLE 1.—(Continued) 


Total Oil Production, Bbl. Total Gas es Millions Number of AU eth’ Gas 
During 1936 
Daily Maxi- eke 
To End of During | Average] To End of | During | During | ™um | plete 
5 during Daily | to End 
3 1936 1936 Now 1936 1935 1936 ane a 3 z 
g 1936 1936 | 1936 | + 8 
a a ac} 
g 3 
q 3 a2 
eB OL es. 
1 | 106,222,227 | 21,222 20, crx az | 800,222 200 200 y 26,522 13 y 
2 3,300 194 175 0.83 85a 5 21 
3 22,222 y y y y ied 9.5] y 54 8 0 
4 1,322,222 9,7xz 10,222 32 y 0 0 0 148 0 5 
5 y | 25,300 25,00x 62 y 0 0 0 263 4 0 
6 3,022 284 292 y 111 1 4 
7 6,600,202 78,022 107,622 y lara 32.3 82:2 |—O-1 1,075 0 17. 
8 y | 130,837.5 | 130,222 y y 28 30 z 386 5 7 
9 320,222 3,002 y y 475 4zn 2.2 91 2 3 
10 y }180,322 200, cara 532 249 6 ) 
il 117,222 | 22,300 22,622 y y y y 73 0 0 
0 0 
12 y | 20,010 21,400 |. 73 
13 2,077,aza | 154,202 176,202 79 3 0 
0 
14 36,222 5,980 5,722 16 0 
15 |. 5z,2rx | 13,602 12,778 41 5 1 
16 50,2rr | 10,2xz 13,200 1,100 22.5 15 0.8 31 4 1 
2 0 
17 0 0 0 y 189 192 y 47 
18 47 crx 5,840 5,922 y 5 4 ; 
19 0 0 0 18 0 0 0 1 
20 38,200 | 17,011 11,970 877.5 | 180 678.5 | y 63 13 1 
3 0 
21 244,306 | 66,147 53,665 83 
22 62,222 | 14,202 45,519 24 11 4 
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for new oil and gas structures. In addition, 15 wells were started in 1936 
that were not completed by the end of the year. 

The increase in gas production was due to the rapid development of 
the Oaktown field in Knox County. In 1935, the Alford field, in Pike 
County, was called upon to produce the bulk of the gas used in south- 
western Indiana. The production of natural gas in 1936 in the Oaktown 
field far surpassed that of the Alford area, and accounts for the increase 
in total production. During the extremely cold early months of 1936, 
there was a greatly increased demand for gas in southwestern Indiana, 
and as a result water has begun to encroach upon many wells in the 
Oaktown field from which gas was taken in too great a quantity. 

The increase in oil production for 1936 was due in part to increased 
drilling in proven areas, and to the reconditioning of wells on partly 
abandoned leases. Several wells that had dropped to the economic limit 


TABLE 1.—(Continued) 


Number of Oil and/or Gas Depth, Average in ie ate apr Pressure, Lb. | Character of Oil, Approx. 
Wells in Feet End of 1936 per Sq. In.¢ Average during 1936 
= Number Average | Gravity A.P.I. 
At End of 1936 of Wells at Endof| at 60° F, 
be Bottoms of | To Top of 
z >a Ey = Productive | Productive = 
g BB] wp 2S Ee] | Wells Zone _ pee g o| 2 
EQleelezles| 3 Pumping | 2 € 1935/1936 G/B aie8 
Z |82| 50/5 8| 5 a3 Ss| 3 4 Beleel -s 
z |B5| 2a (Es | 28 |Z g§) 2 B/E BEES) 3 
4 |E@)ES ES EO 1S am) 5 s|S =<"! & 
1] y | 2ex | y | See | Txx | 1,050-1,250) 980-1,230) 2rz 325 24 |36 | y ye 
2/ 0 0| 0 | 232 | 23e 907 886 300 
3] 0 y| 0 13 y 540 532 y 230 M 
4] 0} 56] 0 0} 56 920 890 41 15 y 30 |30.5] y M 
5| 0] 34] 0 2 36 | 1,107-1,126) 1,085-1,112 34 y vivsty M 
6| 9 0}; 0} 40] 40 680 650 0 90 
7] y | 322 | 0 12 | 34x 325- 560} 298- 545 30x 15 y 25 |31.5] y M 
667- 775) 640- 730 
810-2,285) 800-2,270 
8} y | 154 0 19 | 178 950 945 154 y y 29 |31 y M,P 
1,250 1,244 
9 7| O| 45] 52 1,100 1,080 7 440 y 36 138 | y M 
1,140 1,130 
10} 0} 197 0 0 | 197 | 1,270-1,860) 1,250-1,340 197 y y 32 M 
ul alo| 7| al gt | oie 
y 24 32 134 
1,335 1,317 z f : = 
i piatls 1 atcM te ae "lade | 
y ul 2/100 51 45. 
2,194 2,175 oe ‘ 
3] 0] a7} o| 4| a| “ps | as j a7} | Me 
714 17 : 
758 747 ee de 
827 805 


_ 
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in production were put back into service after the price for crude oil 
increased in the last part of the year. Many of the wells in southwestern 
Indiana have never completely recovered from the proration imposed 
upon them a few years ago. Some activity resulted from the deep- 
drilling program in the entire coal basin of Illinois and Indiana. 

In 1936, the Oaktown gas field was further developed, and drilling 
activity was heavy on a gas structure in Anderson township, Perry 
County, following the drilling of the discovery well late in 1935, and the 
laying of a pipe line into the area. 

The outstanding new oil development of the year was the proving of 
the St. Johns structure in Armstrong and German townships, Vander- 
burgh County. The wells in this field seem to be holding up rather well 
at the end of the year. 


TaBLE 1.—(Continued) 


- Deepest Zone Tested to 
Producing Rock 
Character of = End of 1936 
Gas, Approx. 
Average 
during 1936 >2 
zg 
ae Ba 
3 3 Name Agef re $ q eis Name 
q ciges $ A 3 < Se ae | Sees = aa = 
z | Bm |g Be 3 | 2 Bel 2 \Bs= ae 
2| 23 |g2s 3 | & leel 2 |8cz Bs 
| ae [62° S-| & ja] & lac> a 
1] 950 y | Trenton Ord D,L ae z| A |8,8ea | Pre-Cambrian 3,996 
2) 847 y | Trenton Ord D,L hs Za! OM y | Pre-Cambrian 3,055 
is 
ti; Chester MisU 8 Por| 15 | A 33 | St. Louis (Mis) 783 
, aa ‘ W. Princeton sand (Brazil ?) | PenL S Por | y | Af 26 | St. Louis 2,048 
5 Oakland City, Brown sand MisU S Por} y| A 44 | Paoli (Chester) 1,444 
6 | 950 New Albany shale DevU H Fis | 85 | M 39 | Trenton 1,770 
7| 970 Unnamed (1, 2, 3,4); Cypress;} Pen, |85,5,L) Por} y | AM] 662 | Niagaran 2,328 
Niagaran Mis, 
8 ' Paoli, Cypress, Mooretown | MisU iS) Por} y| A 75 | Salem (Mis) 2,205 
9 y Oakland City, Brown sand MisU 8 Por| a| A 34 | St. Louis 1,413 
10 Sample, Paoli, Cypress, | MisU iS) Por} y| A 49 | Harrodsburg (Mis) | 2,050 
Mooretown ’ 
11 y y | Brazil, Oakland City aon 8 Por} y | A y | St. Louis 1,560 
18 . 
Veale sand MisU S Por} y-}-A 54 | Devonian (?) 2,618 
- Corniferous, Niagaran L Por | y | 7D 10 | Trenton , 3,554 
1 (Sample MisU S | Por] y|MC 8 | Mississippi Lime 1,500 
ie ee Reine MisU| 5 Por | y| N 22 | Mississippi Lime 1,708 
16 | 957 Brown sand MisU 8 20 Poole A: 6 | Ordovician 4,006 
ke d MisU s Por |10) 20 y | St. Genevieve 1,021 
# ie : tar Serings, Cypress, Elwren | MisU S | Por | 20 | ML 28 | Mississippi Lime 710 
19 | 980 Corniferous Dev. D Por | 40 | AF 4 | Trenton 2,102 
20 | 950 y | Staunton, Unnamed PenL S | Por] y | ML 27 | Chester 1,593 
PenL § Por| y| M 25 | Glen Dean 1,795 
& et PenL S) 25 | 30 | ML 33 Chester 1,920 
23 | 900 Jackson (Sample) MisU S | Por| y| MF 11 | St. Louis 680 
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An interesting wildcat well was drilled in Johnson County, to a depth 
of 4092 ft. No production was obtained and the hole stopped in the 
rocks of the Lower Cambrian series. 

Repressuring projects are now under way in two of the southwestern 
Indiana oil fields. The West Princeton pool, in Gibson County, is being 
repressured with compressed air, and natural gas is being used for this 
purpose in the Dodds Bridge field in Sullivan County. Because these 
projects were started late in the year, no definite results had been obtained 
at the end of 1936. 

The treatment of wells with acid was continued through 1936. The 
oil wells producing from limestone appeared to respond favorably in most 
instances. A few gas wells drilled in the Trenton area during 1936 were 
treated with acid, to replace the customary shooting, but results were 
not satisfactory. 


TaBLe 2.—Summary of Drilling Operations in Indiana 


Important Wildcats Drilled in 1936 


Location 
Total 
Surface 
County Sec. Twp. Rge. — Raridtion 
Survey Lat. Long. 
1 | Johnson. 12 N. 4E. 4092 Dev 
2 | Knox 5N. 10 W. 1516 Pen 
3 | Knox 5 N. 10 W. 575 Pen 
BK Gx Pee Ret doe Meera ce ite cic dna nee 4N. 9W. 725 Pen 
5 | Vanderburgh 68. 10 W. 1135 Pen 
G7 | Sullivan Sa wor aiat ev icaisttean trees ea eels Caer erate 7N. 8 W. 1067 Pen 
Ua WGN arg ngAC OORT MORO C OCOGeO pe sb gea. Cocca: GUeAL 658. 13 W. 1930 Pen 
Sch) Dubois Mice eee were aera’. node nan cteeate eee cuream:e 1N. 4W. 850 Pen 
9) Vanderburg hice tite oss Selon «.cia.ctgielels. Mieides ne americas 26 58. 11 W. 1200 Pen 
LQ Vendor Ware ge oP cicsecatnevs <1a ordeals ossais's nasteretate role 23 558. 11 W. 1200 Pen 
Pi 34 658. 12 W. 1295 Pen 
12 18 458. 1W. 358 Mis 
13 ll 158. 7W. 1135 Pen 
14 34 3N. 5 W. 600 Pen 
15 2 4N. 9 W. 741 Pen 
16 20 38. 2 W. 729 Mis 
17 19 18. 8 W. 1057 Pen 
18 26 5 N. 9 W. 782 Pen 
19 1 658. 4W. 600 Pen 
20 3 2N. 5 W. 570 Pen 
21 27 3N. 5 W. 580 Pen 
22 13 2N. 6 W. 790 Pen 
28 | RANGGI DE cas avi araarshe vas ca earae ne aie wiles Pieces 9 21 N. 15 E. 1200 Sil 
FAA Vanderburgh ccncert sc aiteek- wos CRO oe helt Cubes sax 31 55. 11 W. 1355 Pen 
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TaBLE 2.—(Continued) 
Important Wildcats Drilled in 1936 
Initial Production 
per Day 
Deepest 
Horizon Drilled by Remarks 
eed Oil, Gas, 
U.S. Millions 
Bbl. Cu. Ft, 
1|L. Cambrian | J. L. Hassett et al. Dry hole. 
2 | Chester Becca Oil Trust Good show oil. 
3 | Mansfield Ky. Nat. Gas Corp. 1.47 
4 | Mansfield Joe Henley et al. Dry hole. 
5 | Mansfield Union Oil Co. Dry hole. 
6 | Chester Nelson Bros. Dry hole. 
7 | Chester J. C. Ellis Dry hole. 
8 | Chester Claude Noble Dry hole. 
9 | Mansfield P. E. Tichenor Dry hole. 
10 | Mansfield P. E. Tichenor Dry hole. 
11 | Mansfield L. R. Henley et al. 4.0 3000 M. cu. ft. gas at 370 ft. 
12 | Chester Chas. Wyman 4 
13 | M. Mis. C. L. Trussler Dry hole. 
14 | Chester Oliphant & Sage de25 
15 | Pottsville H. C. Lord et al. Dry hole. 
16 | M. Mis. McGrain Oil & Gas Corp. Show of oil at 575 ft. 
17 | Chester Jas. Havens et al. Dry hole. 
18 | Pottsville H. C. Lord et al. Dry hole. 
19 | Chester T. F. Seitz Dry hole. 
20 | Chester Ky. Nat. Gas Corp. 0.22 
21 | Chester E. R. Parker 0.23 
22 | Chester Midwest Dev. Corp. Dry hole. 
23 | Trenton E. G. Henderson 2 
24 | Mansfield Karl Michel Dry hole. 
SD teal Seman Fe thes seis teehee ares Saas be sie tie’e'e'e oc se blaine} 6 ely 
In Proven Fields | Wildcats 
— 
Number of wells drilling Dec. 31, 19386........ 10 5 
Number of oil wells completed during 1936.. 41 4 
Number of gas wells completed during 1936.... 43 10 
Number of dry holes completed during 1936 54 42 


Kansas Oil and Gas during 1936 


By W. A. Var WiEBE* 
(New York Meeting, February, 1937) 


Ir is becoming increasingly apparent that the State of Kansas con- 
tains one of the largest reserve areas for oil exploration in the United 
States. During the year 1936 no less than 54 new oil pools were dis- 
covered by drilling. In addition, seven gas pools were found, which may 
develop into oil pools when deeper horizons are tested. Several old pools 
increased their reserves when production was found in lower strata. 

The data presented in Table 2 indicate that nearly 2000 wells were 
drilled in the state during 1936. Of these more than 1214 found com- 
mercial quantities of oil and at least 61 found marketable quantities of 
gas. The data are conservative because complete results on drilling are 
not available for the eastern part of the state. Ellis, Rice and Russell 
Counties share honors with a total of 10 new pools in each. Barton 
County is prominent with six pools; while those counties claiming fewer 
new pools are Clark, Ellsworth, Harvey, McPherson, Ness, Pawnee, 
Rooks, Stafford and Trego. Important additions to our gas reserves 
were found in Finney and Haskell Counties, which are north of the exten- 
sive Hugoton gas area and may some day be part of it. 

At the close of the year there were 17,317 wells in the state rating as 
producers. By far the larger share (14,000) were classed as strippers and 
allowed to flow 100 per cent of their potential capacity, thus accounting 
for 33,500 bbl. a day. The remaining wells, capable of producing from 
15 up to over 6000 bbl. per day, were limited in output according to 
these amounts. The largest wells having a potential of from 3000 to 
7000 were allowed to flow from 2 to 314 per cent of their official potential 
capacity. The percentage rises until wells of 15 to 20-bbl. capacity have 
a rating of slightly over 83. On the basis of these calculations the total 
potential capacity of all wells was 1,667,814 bbl., and the daily amount 
allowed was 175,851. Nine of the pools most recently opened were still 
unable to market their oil and were classified as ‘‘shut-in” pools. Total 
production for the state for 1936 was somewhat over 58 million barrels. 


STRIKING GroLoGIcAL Data 


Some interesting geological data were uncovered by deep drilling 
during the year. The most remarkable bit of information is the discovery 
Manuscript received at the office of the Institute Feb. 13, 1937; tables April 9, 1937. 
* University of Wichita, Wichita, Kansas. 
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that pre-Cambrian quartzite produces some of the oil and gas in the 
Orth pool in Rice County. A table of producing horizons and key hori- 
zons is presented in Fig. 1, so that the reader may compare this new and 


OlL SANDS WHERE 
AND KEY BEDS PRODUCTIVE 


CRETACEOUS 
CIMARRON 


WELLINGTON 


500 


FT. RILEY OR FLORENCE 


PERMIAN 


S.W. KANSAS 
5.W. KANSAS 


HUGOTON GAS HORIZON 


KINGMAN AND CENTRAL 


ADMIRE SAND GAS 


KANS. UPLIFT 
TARKIO OIL RUSSEL CO. 
SCRANTON SAND GAS KINGMAN AND C.K:UPLI 


TOPEKA LIME OIL ANDGAS 
HOWARD LIME GAS 


RUSSEL CO. 


SUMNER CO. 


SHAWNEE 
MUCH 


[_VOUGEAS we] ee | 
Fr * LANSING ORK.C.LIME yt 
OSWALD) _eppee 
cra cee mI 


C.K.UPLIFT ETC, 


PENNSYLVANIAN 
H HH HE 
i ii 
mt 
mt 
1 
iG 
eet 


PENN.BASAL CONG. ,yQlb 
VANIMAN OIL 


OIL 
CHAT OR WELCH CHERT ap Gas 


SCOTT CO. 
McPHERSON, RENO, ETC. 


CHESTER? 
MISSISSIPPIAN 


MISENER SAND 


[SILURO= DEVONIAN _| MeO ETGNIaG Ct HUNTON LIME OIL 
Sal * VIOLA LIME OIL ANDGAS 
(eae Bee el 


SIMPSON OR WILCOX OIL 


RENO-SEDGWICK 
HARVEY AND RENO 


RENO, SEDGWICK 
AND McPHERSON 
HARVEY AND SUMNER 


ORDOVICIAN 


Fig. 1.—OIm-PRODUCING ZONES OF WESTERN KANSAS. 

Drawn by Charles Matthews from data prepared by the author. Stars indicate 
most important producing horizons. 

deepest producing horizon to those previously known. Among the 
producing levels listed in this skeleton columnar section are several that 
first came into production during the year 1936. Outstanding among 
them is the Tarkio lime, in the Wabaunsee formation, which now produces 
at East Gorham, Sullivan and Williamson. The highest producing 
formation is the Lecompton, which produces from one well in the Sullivan 
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TaBLE 1.—Oil and Gas Production in Kansas 


NNN D Eee He eRe ee ; 
BOK SSHUIRTARONEHSOMD NRSUHRwONDe | Line Number 


Area Proved, Acres 


Age, 
to End 
of 1936 
Field, Survey, Township, Range 
Oil 
Oil | and Gas Total 
Gas? 
| 
|e 
$ 3° 
i ae 
Barber County 
Aotna: 1S-S421D a cations eave tere, ole ealetaraiaraletotal o hptele cle clareivieiaren Il 46 40 40 
Meodicing Lodge, 13-dae16.4 A: ssetsrecieints celsiccs ancien caraimaelcias 10 | il 1,000 1,000 
"Whelan, S2-B1-10 Wissiaisesidide.ccees trons as bronta seni ave viomarene 2 5 160 160 
Barton County 
‘Ainsworth, So-1 6-13. reict seers aia lee seins siete reece ae 1 40 40 
‘Alberts 36-18-16 Wie aiicacecomisalersicaret te sista antec nee dina tans 2] 11 160 80 160 
Beavers 1G=16-12 Wiacaicietescs aivarsce'einsaleteletes tam cleys,cyvvelutntosstatetaia cetera St 160 160 
Bloomer, SO-1 7-04 505 ciccte starccaa sate ont a van aa iarereineerav mening ake 11 640 640 
Davitsory:4-16-1 1 Wr. as saree erie vce iasiauarele ere atetaiars snersicieiaiscciete 7| 10 40 40 
Wberhardt, 04-10-11 Wit. «stress ctsrala.cl ds stare nicleisie acca eiviereee 1 7 40 40 
Rily:-Ss1G-32. 35 nro det itwaeiesapecenidus shaven te meee aman 2 10 10 
Hillis wood {Oe 20201 Wi sicisreelareietosaiete esos aletain’eatslaratslotera ae iniaiarelenr ste 4 6 600 600 
Feist, 29-18-11 WSS iia celta Moe we Manracterara ete olen 1 3 10 10 
Heizer, 16-19-14 Wired ccic tele aiarnaa wee tres ade lerawelaaeaice 1] 5 10 10 
FLISS, (31-20-18 oo cies aie «ic, 0 eee mene teu cee eee ne once ae 8 40 40 
Tantermans 15-19-12 W's... stew cantciete ct ctostste occatate sree eriete ares 2 3 10 10 
Poder, ied a oa chsin oo are tate ave maa oo inele ik aie mines ecto ae 1 3 600 600 
Rick) 1-40-10... stsc's ccreveto estate alesis atare's a arevateereietereiore aletatche te 5 160 160 
16a Oke Oa 1 0): Miers acca atts cs cases fataiete (anchors © teleiciais aca cia oiehepetaacae 4] 11] 3,200 3,200 
Susank, 16-16-1307. ccenss se fee cee iva toeee re netceees sare 1 10 10 
Butler County 
‘Andersons */s27-4 Bhi so cesia oc enraes cote ciotsio duiniec ba Giincccinetele ee NS, 20 20 
‘Anguste (North); 2740s asisicia/e:s:a'ejain ars nie c/eiatatcrsteleleroiecors ora pietets 22 1,280 1,280 
Augusta eet DBad. Haale sete d as clase situce twas meade ves 20 7,660 7,660 
Benton, (10-20-83 Bi2 x otc asistaciiten Mien cw demes heed eetinas’s ll 40 40 
Brandt, 15-2807 EPs oan. siclece tatsristorcee set siete Hee meistale sets 7 10 10 
De Moss, DeORaT Won we cinsic aistalsnnc c clon nas ciaterecaoin «aie: ennai 2 3 10 “10 
Douglasa;, 20-4 Te. ccs, e8e sons piscelewialqate a eateere.cam ora eceeeuny 20 1,100 
Flbing \8-20-4: TGs. fcc sisacieinis aie olnre erentsie cto Nl tte otala cig ee tclelrarsiae 18 | 5] 1,880 1,880 
Eldorado, 26-5 Wo te:2G-B li vsie.ssereieie «ipisie aie iain isla welceiesieie 21 25,020 25,020 
Ox, Evel, ereth La. cree en pidin nie areca alacaon snare are daisereieisieve Giseisiaisielae 19 5,000 5,000 
Garden-Shaffer, 26-6 E. + 27-6 Bi... ..... ccc eeee cee cceeeeees 10 1,600 1,600 
Haverhill 27-2726 Beto cca enue dlaetecumaedetedeens aie ne 9| 9 700} 680 
Tiaslott Tested Beh. cc. seth cdtes Mint caseitene ame ceaen 15 40 40 
Keighley, 27-2 fp: Late crs ul nietivier <trda ce the Garivoais chin aaea cere ll 1,600 1,600 
KEPAMOT, oe 10 Nc o:<.5,5,s:0ln a oeeele.n acta creeeem eee wm e 10 
Leon, 19-4740 Bratcacstes oo due va beplicees edesene ae enun eee 10] 3 500) 500 
MoCullough; 1-286 Bok Gr cman cet eccels denies gieracarenieee ll 160 160 
Potwins'SG-24-Blv ares. wceae chek ee weeks vene cee a tee 15 2,500 2,500 
Bmook-binss, 19626-6 Bjcnis ncaa vaceeey acces pectiece see tty 18 | 10 | 1,500 1,500 
Stein hoe 421-2066 Be ies osce cs aicthia wand Memibuinviy seicy clanintn acer 10 40 40 
WOMVORS 128-5 TU Sv adeccar tear ian tees poe caemtacnehe en 7 160 160 
¥ OUng, 21-207 (H Ass iak% Vo «stfeistatohbpistva vids wei needs cmicloly.« 17 400 
Chautauqua ony A 
Longton;'80:8;t0'38) 8; Rid Bim i eceassnewocmecnetiese ener 34 200 7,000 7,000 
Clark County 
Morrison: At-82-21 3 5 dna-<ivadaivuraav:astenee Sek de eats ieee oe 8] 2 
dL aB2eDN a cteieteepis cee scones tet ewan Orhan as 3 160 160 


c Footnotes to column heads and explanation of symbols are given on page 291. 
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TaBLE 1.—(Continued) 


Total Oil Production, Bbl. See? oem Number of Oil and/or Gas Wells 
aes At End of 1936 
To End of | Duri Des a 
ea 0 End 0} uring uring ‘3 rc) 
3 1936 1935 1936 AS >a 
E 3 q S gs 3 + ere we w>| 2 
ao] Sele |s | & |\BQl-sass) aa) -s 
a =) a 19 fo |8s|aeeola| 2 l8e2| solsal s ° 5 
g AS |-8 | 6s [es] S28] g] 8 ss] Salsa|sais3 
A of | BS | BS |s5] 52S) 6] & (ss) e525] ed lsu 
4 = fa) a NS eat Ne a =| es 
1 44,792 14,582 23,793 
2 1 1 1 
3 21,000 10 10 10 
4 44,792 14,582 23,793 2 2 2 
5 1,163,590 1 
6 1 1 
7 51,890 13,186 38,704 4 4 4 
8 137,179 113,000 124,179 9 9 9 
9 295,000 295,000 30 30 30 
10 4,679 2,000 2,679 1 LI 1 
11 44,859 659 44,200 4 4 4 
12 744 744 1 1 1 
13 992,100 368,000 242,000 15 15 15 
14 18,200 18,200 1 1 1 
15 7,458 2,876 4,582 1 1 1 
16 29,000 29,000 3 3 3 
17 23,488 9,988 13,500 1 1 1 
18 144,211 9,711 134,500 13 13 13 
19 23,700 23,700 5 5 5 
20| 4,889,967 822,000 3,684,300 175 175 175 
21 1 1 i 
22 
23 2 2 
24! 12,753,400 247,685 153,707 279 ON eZ 71 
37 
25 | 32,192,838 475,377 424,968 735 L907 189 226 
26 ,000 2 2 2 
27 2,730: 1 1 1 
28 7,200: 1 1 1 
29 43,000 39,600 28 28 
30 | 24,700,0001 402,100 396,000 71 71 val 
31 159,056,003 3,906,330 3,492,325 3,031 0 | 31 1,839 15 | 1,854 
32] 15,000,000 209,000 192,000 205 205 
33 300,000 252,000 65 65 
34] 2,744,981 124,847 120,863 61 61 
35 2,400 2 2 2 
36 93,000 67 67 
37 189,000 33 33 
38 | 14,000,000 24,000 27 27 
39 3 3 
40 429,000 444,000 aa 77 
41 77,500 68,400 41 41 
42 10,800 2 2 
43 
44 a 20 20 
45 560, 
46 35,000 6 10 10 
47 
— 48 


1 Includes Peabody. 
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TaBLE 1.—(Continued) 


ee. 


Oil Pro- 
5 : Character of Oil, 
Denth, Average in | ution | Promure | “Approx, AVE | Character of| ‘Producing Ronk 
End of 1936 eae - Approx. 
[ieee AE aes, ; verage 
Gravity : 
Number of Average | A.P.I. ung ae 
Wells at End of| at 60° 
Bottoms | To Top 2 
s. | of Pro- | of Pro- <A N 
3 = aneive Initial x 4 s Lee 
ells ne bo 2 et ao ae 
3 v| 2 1935|1936, SS les) | Be |S Be 
© 5 ACE ean 3 eos la 3 
| &| 8 3% |$8/ 2/38 8s 
a Fe | Ay Baia mana foe 
1 
2} 5,260 5,215 Viola 
3] 4,465 4,455 1,625 Chat 
4,384 4,355 2 32 Chat 
6| 3,395 1 Siliceous 
7| 3,616 3,601 4 35 Basal conglomerate 
8 ne Sie 9 39 eae conglomerate, Reagan 
y * ceous 
9] 3,281 3,271 30 44 Siliceous 
10} 3,340 3,314 1 38 Siliceous 
11} 3,360 3,311 4 38 Siliceous 
12} 3,345 3,332 1 Basal conglomerate 
13] 3,334 3,304 15 41 Siliceous 
14| 3,430 3,433 1 40 Siliceous? 
15| 3,258 3,228 1 48 Oswald 
16| 3,285 3,270 3 36 Oswald 
17) 3,236. 3,232 1 42 Siliceous 
18] 3,284 3,274 13 42 Siliceous 
19| 3,355 3,353 5 36 Siliceous 
20| 3,328 3,309 175 42 Siliceous 
a 3,389 1 Siliceous 
23 2,924 2 26 Viola 
24 pie Lon 71 33 | 30|M| 850 Kansas City, Wilcox, Siliceous 
sis | 2a 
B 1,700 Lansing, Kans. City, Ft. 
oH 2,520 “ Le - 40 |M! 850 Wileox” Giliecoas Te 
A Cc 
a 2,700 : Chat 
Bartlesvi 
29} 1,830 1,790 28 Lansing . 
30] 2,400 | 2,330 71 32 | 29|M er 
31] 2,200 600 1,839 35 18 |M] 675 Admire Douglas ete. 
2,680 ue i , Kans. oh Ft. Scott 
32| 2,770 | 2,730 205 Destieevile |. nanan 
33 65 Bartlesvi i 
34| 2,750 | 2,700 61 39 | 20| P Barticevill ae ey" 
35| 2,490 2,470 2 Chat 
386] 2,700 2,650 67 Bartlesville 
37] 3,150 33 36 Viola 
38] 2,710 4 27 = Chat, Viola 
39 ; 3 Wil 
40] 2255 | 2,250 17 | P Kaneas City 
5 A Chat 
41| 2,735 2,700 41 39 Bartlesville 
Alene bee A = 
’ Bartlesville 
a 2,700 2,650 20 Kansas City 
re 1,600 Chat 
48| 5,475 | 5,443 Thelen 
nglomerate 
6,481 6,467 Viola 


ct a 
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TaBLE 1.—(Continued) 
Producing Rock Deepest Zone Tested 
to End of 1936 
me 38 Refer- 
Nee Net 3 ee one to 
Tee Char- | Poros- | Thick- | gtruc- & ca . Depth of a 
ge actera.| ity? mess; || ture’ | aes Name Hole, 
Average ro) =] a Ft. 
in Feet 5 gs 
Ee 
5 SA 
; Ord 
2 a L 45 1 | Siliceous 
3 | Mis IR? 10 D 6 | Pre-Cam 
F Mis IR 29 A 1 | Siliceous 
6 | Ord D 
7 | Pen S 15 A 1 | Pre-Cam 
8 | Pen, Cam, Ord SD 5 A 1 | Pre- 
9 | Ord D i n re-Cam 
10 | Ord D 24 A 1 
11 | Ord D 49 
12 | Pen 8 13 
13 | Ord D 30 Af 4 
14 | Ord D 3 3 
15 | Pen L 25 A Pre-Cam 
16 | Pen L 15 A 1 | Siliceous 
17 | Ord D 3 
18 | Ord D 10 A 2 (0) 
19 | Ord D 2 1 
20 | Ord D 19 A 6 (0) 
21 | Ord D 
22 
23 
24 | Pen L 45 A 40 A 
Ord 5 Por 30 
Ord D Cav 50 
25 | Pen L Por 40 A 68 | Pre-Cam A 
Ord L&D Cav 35 
26 | Mis IR MC Ordovician 
27 | Mis IR MC 
28 | Pen s ML Mis 
29 | Pen L A Siliceous 
30 | Pen L Siliceous 
Ord L D 
31 | Pen 5 Por 15 A 
Pen L Cav 25 A 
Ord | L&D Cay 60 Af 336 | Pre-Cam 3,067 A 
32 | Pen iS) ML Mis 
ML aye 
33 | Pen, Mis, Ord §, IR, L MC Siliceous 
34 | Pen 8 50 ML 10 | Wilcox 3,177 A 
35 | Mis IR 20 MC Pre-Cam 
36 | Pen 5 ML Mis 
37 | Ord D MC Siliceous 
38 | Mis, Ord IR A Siliceous 
39 d S A ~ 
40 | Pen L MC Siliceous 
Mis IR 
41 | Pen SS) ML 
Ord L MC 
42 | Mis L MC d 
43 | Pen S ML Mis 
44 | Pen L D Mis 
45 
46 | Mis IR A 
a Pen L Siliceous 10) 
Ord 


2 Insoluble residue. 
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TaBLE 1.—(Continued) 
Area Proved, Acres 
Age, 
to End 
of 1936 
Field, Survey, Township, Range 
Oil 

8B Oil | and Gas Total 

E Gas 

z 2|s 

© a|é& 

=| » |S 

49 | Cowley County 

50 Burdon, 22-31-06 Hoos Peete nstetecscle ots’ aa cei ove eielaretana pineal 10 1,200 1,200 
51 Carson, 19-32-3 E.. 12 vi 400 400 
52 Clark, 6-31-4 E.... el ee 180 180 
53 David. Sb-30-4. Bice csc etehe ce eleva aca vier ciacteeitte ona ctete oceiete 500 500 
54 Dexter-Otto, 33 “e SA SRE Paid Biscctunete cheer sae 33 1,000 1,000 1,000 
55 Eastman, 31-80-6 E.............. Bp 700 700 700 
56 Falls City, 17-85-7 E..... eof 20 400 400 
57 Gouda Springs;'8-3423)H.7 cceccamile c= cisecler ces fers ameieclete 8 20 20 
58 Grahamti2-33-3:Ei es csi: osc spect cnddeees em aetee : 12 7 400 400 
59 Hittle, 21-31-4 se ‘ ae kO 300 300 
60 Murphy, 8-35-3 E........ oS rj 120 120 
61 Rainbow Bend, 20-33-3 E. .-| 13 1 2,000: 2,000 
62 Rock, 14-30-4 E.. ae ois 14 | 12 200 200 
63 Sherwood, 11-31-4 E.. Ee 8 40 40 
64 Smith, 10-31-3 Br soak nis in gitecaceperieetouninonten co aehs wae eiensae 19 200 200 
65 State, 15-32-4 E. 10 1,500 1,500 
66 Trees, 19-30-4 E.. a8 160 160 
67 Wethered, 28-31-3 | PRR ane ate Coat Ree pga me San 1 6 160 160 
68 Winfield: 2 32'5., Red'=r Oi de. cise vecimecepseay. maeyte cree aaa 22) 2 6,000 

69 Miscellaneous Feaace av snieadsipisle cis tasinal's aacles comuaaeaetes alee 500 

70 | Edwards County 

71 McCarty; 30-25-17. asc cfs sass os oleveislesc/are:clate shois alsa age sabe grees (Oya: 80 80 
72 | Elk County 

73 Dentony/E 729-1 S0Rs Oe Sau, ce sais everae wrreatarers aware acerstaste 25 3,600 3,600 
74 Wergud0n, Ono leS. Wisc cqolete star cists oinieisie atsiniafe oval eysinGaiem slocaemte 8] 6 400 400 
75 Haring 2-29 B.Sc vsetee its acu comtors gartereca ale meecen Geminis 600 600 
76 Molten S-dl10 Ey bi Wee atscciare sratersene ners sts.cle cee Oe ce ees Oy 4 600 

77 Webb; -2o-B1-1O Bsc \eesesesiae siealk « vrsiaronaehioceats caren ae 1 3 3,600 3,600 
78 Misellancoid se Siic:acisiottiecrera Anratiotislecatsle, ceric nat aeracrecaeetera tot 1,000 1,000 
79 | Ellis County 

80 ANCONING, 26-1 S010 sasiscraeinvrmeiesa «cree lenin emlecton oie bie oats 7 20 20 
81 Bemis, 16-11-17... 1| 3 360 360 
82 Catherine, 3-13-17 7 30 30 
83 Hadley, 20-11-17... 7) 6 10 10 
84 aller c1GAle1§ vont cis ewes arobhinea ceaomees cae tae ticket 6 10 10 
85 ENS Bad aL Dos vacetsiel vsti visas atninl ote Ga stn auete ARCnet eats 6 10 10 
86 Maddon P2G-L5-18: voc a usssliceamier she enisew charter ae teenie cee 7 10 10 
87 Marahall (S6-11e18 vets watetsidais attterrs cai abalanes se thee ae one 2 10 10 
88 Pansiey: Wabuj el de1 5-20) ooops sivvaicenm vionmcalowereee cbr cete 4 10 10 
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347 


Total Oil Production, Bbl. a ee Number of Oil and/or Gas Wells 
During At End of 1936 
1936 B® 
ss 

» | To End of During During 3 2 

a 1936 1935 1936 Ax =, ENE 2 

E s gales [e| BE wa lwo we] F 
7, ac] bo bo i) zy z S EQ ‘Selsey 58 s 
2 Sg |-28 | 28 es| 9S F) Ss ssl sclss| sales 
I of | BS | BS \g3) Boh! 8) 8 Fal SSlFS| SSl\SE 

i= A QA at haa Oo | 4 jaeV7 lam lam} an le 

49 

50 186,000 36 36 
51| 2,790,000 97,000 87,600 30 30 
52| 772,000 9/600 3 3 
53 101,000 13 13 
54 22 0 Ay fh 
55| 1,900,000 97,000 86,400 69 53] 19 34 
56] 780,000 15,000 26 0 0 0 
57 2 2 
58| 2,359,000 50,000 43,960 30 13 13 
59 26,154 14 14 
60 65,719 6 
61| 12,125,000 | 425,000 350,712 137 55 55 
62| 1,175,000 25,000 23,904 22 18 18 
63 10,882 2 2 
64 23,000 19,429 13 re rt 
65 31,508 At ul ret 
66 89,790 9 9 
67 147,777 8 8 
68| 9,960,000 | 438,000 346,580] 420 214 130 30 | 160 
89 3,200,000 95,736 49 49 
71 86,690 3,185 2,306] 743 5 1 1 
72 581,000 7,665 468 

73 110 35 20) 55 
74 72,720 12 ret 11 
75 34 19 
76 7 66 66 
77 147 61 

78 

79| 1,831,219 | 169,000 717,476 

80 ,862 4,862 2 1 
81] 256,650 1,125 255,525 25 25 
82 10,400 3 3 3 
83 75,000 41,208 1 1 1 
84 6,734 6,734 1 1 1 
85 6,430 6,430 1 1 1 
86 5,490 5,490 1 1 1 
87 1 1 1 
ea 
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TaBLE 1.—(Continued) 
ts Character of Oil 
Depth, Average in duction |Pressure, Pounds al . ock 
Feet Methods at| per Square Inch¢ re a tee 1936 Character of Predacusg 2 
End of 1936 8 Gas, Approx 
oh a ea ae Gravity da roby 
uri 
Number of Average | A.P.I. a 
Wells at End of} at 60° 
ase Ma 
| of Pros | of Pro- mee 
2 pers eM Initial ; ‘3 sa Name 
ells one bo 3g oe 5 “3 bs 
2 yl a 1935/1936] 8 2 #3). | 4 & ss 
2 El g Be gS 2/33 lg38 
ei | a Es ama |m? [SS0 
49 
50 36 Peru (1 well) 
Bartlesville 
51 2,600 30 38 Layton 
3,450 40 Siliceous, 
52 2,840 3 38 Bartlesville 
53 13 Bartlesville 
54} 6 325 0| 250 Admire’ 
1,100 Shawnee 
55] 2,870 2,770 34 17 Bartlesville 
56 2,000 0 41 Stalnaker 
57 3,320 2 Chat 
58 21550 13 38 Layton 
3,500 40 Siliceous 
59 2,400 14 Stalnaker 
60 6 Chat 
61] 3,250 3,200 55 40 15 | Burgess | 
62] 2,805 2,760 18 38 Bartlesville 
63 2 Bartlesville 
64 3,050 11 38 Bartlesville 
65 2,300 il Layton 
3,500 Siliceous 
66 9 Bartlesville 
67 3,400 8 35 Siliceous 
68 600 130 37 Admire gas’ 
1,400+ 34 Stalnaker, Cherokee, Siliceous 
69 49 
70 
Ns 4,545 4,535 1 | 1,300 35 Basal congl. 
Encill 
73 1,450 35 Mis lime 
Siliceous 
74 1,865 Tf 36 isn Layton 
Siliceous 
754 2,021 2,000 Layton 
76 1,150 66 36 Encill 
1,980 Mis Lime 
77 1,100 61 37 Encill 
1,350 Red 
1,650 Ft. Scott 
2,286 Siliceous 
78 1,500 36 Encill 
7s 2,000 34 Mis Lime 
80} 3,710 3,703 1 32 Basal congl. 
81} 3,040 3,032 25 29 ‘opeka 
3,382 3,380 35 Siliceous 
82] 3,362 3,274 3 30 Oswald 
83] 3,440 3,428 1 29 Basal congl 
84] 3,045 3,036 1 40 opeka 
85] 3,740 3,737 1 35 Basal congl. 
86] 3,341 3,331 1 37 Oswald 
3,600 Siliceous 
87 3,650 1 Siliceous 
88| 3,658 3,653 1 31 Basal congl. 


3 Helium gas in Admire, 
4 Helium gas at 1475 ft, 
5 Also Peacock at 1400 


‘and Layton 2300 ft. 


W. A. VER WIEBE 349 


TaBLE 1.—(Continued) 


; Deepest Zone Tested 
Peetsdog Hook to End of 1936 
Line os Refer- 
aes Net a8 ae to 
r . by S ext? 
Agel Char- Poros- Monee Struc- | 4 = a N pee of 
i . i ame ole, 
acter? ity’ Average ture 4s 3 8 Tt, 
in Feet BS 
eae 
5.8 
Ze & 
49 
50 | Pen iS) ML Siliceous 
51 | Pen S D Siliceous 
Ord D 
52 | Pen S ML Ordovician 
53 | Pen S ML Mis 
54 | Pen i) A Pre-Cam 
Pen s 
55 | Pen 8 ML Ordovician 3,399 
56 | Pen s N Ordovician 3,212 
57 | Mis IR Mis 
58 | Pen 8 D 
Ord D 
59 | Pen 8 MC Siliceous 
60 | Mis IR 
61 | Pen $ MC Siliceous 3,500 
62 | Pen iS) ML Ordovician 3,300 
63 | Pen s ” 
64 | Pen s N Ordovician 3,450 
65 | Pen ) D Siliceous 
Ord D ‘ 
66 | Pen D ML Mis 
67 | Ord D D 
68 | Pen iS A Reagan 4,140 
Pen & Ord S«&D 
69 
70 ne 
71 | Pen DR 10 Siliceous 
72 
73 | Pen S D Siliceous 2,641 
Mis L 
74 iS) AM Siliceous 2,912 
75 Sy) Siliceous 
76 8 40 N 
L 
8 it 
17 8 D Siliceous 2,286 
L 
78 5 
L 
D 3 
= DR Af 2 | Siliceous 0 
81 L D 1 | Siliceous 3,382 
D 
82 it ’ Siliceous 
DR : 
- i Siliceous 
85 sg 
86 L 10 Siliceous 
D 
87 D 
88 DR 


11 Detrital rubble. 
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TaBLeE 1.—(Continued) 
Area Proved, Acres 
Age, 
to End 
of 1936 
Field, Survey, Township, Range 
Oil 

8 Oil | and Total 

E = ’ 

: Ak 

q s/s 

9 ale fea AN NP Som 

89 Rader, 17215 -18 soc cis ctasialee svttis saa reeel atelcle ngs cimstas wisenie ies 1 5 500 500 
90 Bhutts, S2-L1s17, cst 7 <. dareattie te ess cts & siaccrstoleicidletrs a sracz's are: nje Setetata 8} 2 160 160 
91 Solomons:28-11-19 2. 2iscra aoc ctrcewiamavoe cece naees winainiviewie siete 7 10 10 
92 Uber t, 12 19-18 yc. ee yaetee diectinie nie < wrens erephenetalete aiaele ciaerers 2 10 10 
93 Victoria, 3-14-17.< cate tteein ae as eke eros ate sfemevn wists ste watereceauets 1 1 20 20 
94 Walters; 2-12-18 «5... Gorrie crneiecietels cove aiatensieievelete tain la slows Gel ere 8 10 10 
95 Yoouemento*, 9-18-19 ccesscgaies ov wie.a's cipidh ab wfelts a ctereua vince stant y iah mk 40 40 
96 | Ellsworth County 

97 Brefordt Fel 7-10. ('aiais cvcrare wr ovassssiplateteicysl slots syetehnvejei aitate’naeietetniels 4] 4 250 250 
98 Heiken®126<1 7-10); 5 oaiscsate arctssere use ctas Daiwa otege ecacat esta wisiere woistele C1 3 80 80 
99 Lorraine? 142170 iis ocisccvosaises sratcteinis’ vlave ls wiaidcwiarase ales @iacbis ale’ ss aieta 2 21] 1,800 1,800 
100 Stoltenberg; 21-16-10; aaarecteeos,: scree co as settee bce aee panes Le avd 300 300 
101 Stratman!®,, 12-17-10 saitrtaaette acsc:erceis ayois ate ote leisiv awe aie-e'cln s/alsinrs 5 | 10 200 200 
102 | Greenwood County 
103 ‘Atved-Pixlee; 26-2 bal Oi ewaeee, re ciciatrate anise resent tieese tee e 13 1,000 1,000 
104 Browning; 8-22-10°E. casero csins'e sins Ooeh aldera wan vraiheGoe 12 3,800 3,800 
105 Burkett,i13-20-10 35.2, caster, onaiage sin dole stasiste malas Soe eine 12 2,700 2,700 
106 Climax s722dell BiAixancdeeap anes waserntataoietettos is alan ateetadc ane 10 100 100 
107 De Malorie-Souder, 19-21-10 E. 6-22-10 E.................... 12 4,500 4,500 
108 Burekta, 35-25-10! B.S detetee an wo eset calm sie eraafenn & hits Gee's 16 1,200 1,200 
109 Fankhouser, 32-21-12 E. 10-22-12 B................ ec ee evens 10 2,500 2,500 
110 Hamilton; 26-23-tU E.. C-24-13 Rr cosas wcecaincnecwetesicnas 7 3,000 3,000 
111 Lamont, 15-22-12: Ei; 28-22-18 Hy... ccc ices ss acecslicdeee ceiete 9 2,600 2,600 
112 Madison} 1-161, 22 Fe MeO se eo a nicteratate sea wiorarcaidlees ates 15 3,000 3,000 
113 Quinoy,25-24-12 BE. (18-25-14 Briain. cae vedas oaeiee voles ae celtics 10 3,600 3,600 
114 Reece: 21-26-0 Ws o< aerteitortnccce svt marc earel eeneitals siuiicenic 1,200 1,200 
115 Sallyards, 17-25-9 EB. 26-26-8 HE... .. 0... kee cece cece ee ee eee 15 8,000 8,000 
116 Scott, 10-23-9 Wy -26-28-8 Bice tniscjcleccecevices cat sanesames ll 2,500 2,500 
117 Seeley 3:22-22-31 W) -27-28211 Be siasw isan te occ cw enone homies 14 7,000 7,000 
118 Bevery, 16-28-11) Bix, cayenpennta teas </arasn tte titel eterna, evsitts oretene 200 200 
119 Teeter; S6-22-0 Bi; * (28-25-09 Ui cada vincce Nee gs oe de pmakucinve minis 14 2,700 2,700 
120 Thrall; 28-23-10 Ei: OeBB-DiN sack nice cares Jerceiseecleanien mses 7,000 7,000 
121 Virgil, 24-02-18 WS 26-24012 Wn. 2. sarcralodvaesiesc awaits aera 20 18,000 18,000 
122 Wigwingl 7-24-11 B, BG-2410 Hic sccsudcedvasbaednncsosecees ret 2,500 2,500 
123 Walkorson, 11-2b-3 Ei, sparen steve cis a'eusscscte stereos a siete asceee cere 1,300 1,300 
124 Misoelleng ons srs thts << sctta sts ate sinwtecctuiainert uiveaNloe neste e cess 1,000 1 
125 | Harvey County ae 
126 Halstoadi®;36-22-2, 11-28-2. ith. wcentiscscicnsioasesuse se des S| 5 1,500 1,500 
127 WAGHBEON ema Se) cc se iaran oe nce ta Peo uae saree eeu none aioe 2) 5 40 - 
128 Hollow-Nikkel, 33-21-3. 10-22-38... ..cccscccecsescsceccceses yale! ! 
129 Bahowalter; 6-22-11; . . | esavtaasiie’s a4 esta yesaedemedvens pater Wie 2 
130 Herings 23-2262, .:5 a aaiemewte tioreioiors seis aaielee dashes cleistermatty a El abt 
131 WilbON yeh Oa DIG sires cie cntecsasc vrelethse are aos stale alayal eters site oheiacittees 18 1 
132 | Kingman County 
133 Canningharn, 0-27-10), ans unanse wantin ganic deans accttudtar 5 |} il 800 
134 | McPherson County 
135 Canton ON orth); 26-0 Sel os iow ccavetesscccye ecaltine cel arcibivcc oh oee ts 6 10 


_ 6 Abandoned 1935, 
7 Includes Breford south, 
5 Includes Becker. 
® Includes South Lorraine 
10 Includes Wilkins. 
1 Includes Warkentine and Herzler 
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Total Oil Production, Bbl. 


Total Gas Production, 
Millions Cu. Ft. 


Number of Oil and/or Gas Wells 


oa At End of 1936 
. > : 
¥ fa Bad of Darigg During Be 2 
1935 1936 >a 
q S a= sr) 3/3 fa El w S 0 woh} 2 
= Z wi so | 3 | 8 |kAl Balu] 2s] § 
Zz iE; 1) i) q | sa ss a} g =} Sa|/'so 3 
Oo | So | €o |.6.8)/ apo] a! Fg 6] 3O|5 a] 3 =3 

E ee | BS | 58 |23| 8s8| 8 | 2 Esl es les] £3 |8e 
4 Ee eMule aoe |e | et Meo ig i a ed 
89 213,896 3,650 210,246 16 16 16 
90| 1,192,861 186,180 12 12 12 
91 1 1 1 
92 1 1 1 
93 13,906 306 13,600 2 2 2 
94 18,000 18,000 1 1 1 
95 60,891 4 1 1 
96} 8,500,000 

97 516,377 137,000 128,284 9 9 9 
98 259,313 97,000 41,384 7 5 5 
99} 4,130,000 | 1,700,000 | 2,430,105 92 92 92 
100} 1,845,749 467,000 213,579 

101] 1,700,647 191,000 158,024 21 19 19 
102 |100,250,000 | 4,000,000 | 3,700,000 

103 119,000 110,727 70 70 
104 235,000 257,020 125 125 
105 91,000 83,632 97 97 
106 6,204 2 2 
107 200,000 186,100 151 151 
108 20,200 13 13 
109 59,000 53,100 74 74 
110 183,000 162,650 94 94 
111 162,000 170,400 103 103 
112} 5,000,000 302,000 284,650 111 111 
113 120,000 307,530 70 70 
114 52,000 45,450 15 15 
115 288,000 278,000 229 229 
116 100,000 91,390 62 62 
117 450,000 396,000 332 332 
118 5,400 9 

119 310,000 264,000 212 212 
120 266,000 228,000 294 294 
121 | 25,000,000 625,000 576,000 468 468 
122 70,000 60,000 54 54 
123 48,000 42,000 34 34 
124 22,470 33 33 
125 1,499,393 

126 316,000 20,946 81,750 13 Ay, 
127 12,000 6,363 1,075 2 1 1 
128| 15,116,600 | 2,833,626 | 1,354,600 140 40 | 131 131 
129 59,968 19,523 40,445 4 4 
130 62,685 41,183 21,502 2 7 9 
131-| 123,000 750 7 7 
132 
133] 1,214,831 295,877 211,527 36 3 39 
134 | 50,500,000 4,383,519 15 15 15 
135 9,784 5784 1 1 i! 


a nd 
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Oil Pro- Character of Oil, 


Depth, Average in duction |Pressure, Pounds 4 : : 
Feet Methods at} per Square Inch¢ A a a86 Character of Ereiinting Soe 
End of 1936 8 Gas, Approx. 
eee ae Gravity d ire 
uring 1936 
Number of Average | A.P.I. e 
Wells at End of 5 ed 
—— te! - 
. | of Pro- } of Pro- se 
4 sr ls Initial cs 4 si Heme 
ells me ® |28 8 .; B bys 
5 ~ = 1935|1936 3 2 | 88 Bs |3 Be 
2 B| § 36 (88) 8/28 |e8e 
3 Elks Bs jah) a | ai? |S= 
89 3,432 16 34 Oswald! 
3,572 36 Siliceous 
90 3,280 12 35 Oswald 
3,569 29 Siliceous!8 
91 3,629 1 21 Siliceous 
92 1 Siliceous 
93 3,298 2 36 Oswald 
3,512 33 Siliceous 
94 3,160 1 35 Topeka 
95 3,592 1 32 Oswald 
96 
97 3,140 9 45 Oswald 
98 3,385 5 44 Siliceous 
3,222 Siliceous 
99 3,200 92 46 Oswald'4 
Siliceous 
100 3,333 44 Siliceous 
ot 3,255 19 43 Siliceous 
10: 
103 2,327 70 41 Bartlesville 
104 2,314 125 41 Bartlesville 
105 2,000 97 41 Bartlesville 
106 1,900 2 32 Mis Lime 
107 2,150 151 41 Bartlesville 
108 2,000 13 Mis Lime 
109 1,750 74 41 Bartlesville 
110 1,765 94 41 Bartlesville 
lll 1,650 103 41 Bartlesville 
112 1,800 lll 41 Bartlesville 
113 1,420 70 38 Bartl e 
114 15 Mis Lime 
115 2,350 229 24 |M Bartlesville 
116 2,525 62 Bartlesville 
117 1,930 332 42 Bartlesville 
118 9 Mis Lime 
119 2,400 212 41 19|M Bartlesville 
120 2,190 294 Bartlesville 
121 1,550 468 41 Bartlesville 
1,700 Mis Lime 
122 1,860 54 40 Bartlesville 
123 2,500 34 41 Bartlesville 
124 33 Mis lime 
Viola 
125 
126 2,961 13 35 Chat 
127 3,310 ; 40 Hunton 
128 3,195 131 43 Chat 
3,507 Hunton 
Wilcox 
Siliceous 
129 3,298 4 35 Hunton 
130 2,955 2 35 Chat 
3,279 Hunton 
be 2,440 35 Kansas City 
3 Oswald 
133 ae 
ioeous 
134 
135 Chat 


12 Two “pays” in Oswald. 
18 First commercial siliceous in westery Kansas. 
M4 Gas in Wabaunsee at 2200 ft. 
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Line 
Num- 
ber 


Producing Rock 


Deepest Zone Tested 
to End of 1936 


os Refer- 
a8 ence to 
Net Sc Texti 
gat Char- | Poros- pee Strue- | 4 ae N rere of 
9 ity’ KE i 8 ame ole, 
acter: ity’ Average ture os 3 8 Ft 
in Feet B35 
oo 
Le 
ok 
z ok 
Pen L 8 D Siliceous 3,582 
Ord D 10 
Pen L 4 A 5 | Siliceous 3,575 
Ord D 6 
Ord D 3 
Ord D 
Pen L 5 f 
Ord D 10 
Pen L 5 
Pen L 5 A 2 | Pre-Cam 
Pen L 12 A 4 | Pre-Cam 
Ord D 22 
Ord D 21 A 5 
Pen L 
Ord D A 3 (@) 
Ord D 14 A 5 | Pre-Cam 
Ord D 16 A 7 
Pen s ML 
Pen s ML 
Pen s ML 
Mis L MC 
Pen 8 ML 
Mis L MC 
Pen s ML 
Pen SS) 70 ML 
Pen S ML 
Pen 5 ML 
Pen s ML 
Mis Ls MC 
Pen Ss ML 
Pen s ML 
Pen s ML 
Mis L MC 
Pen S ML 
Pen Ss ML 
Pen s ML 
Mis L MC 
Pen 8 ML 
Pen 5 ML 
Mis L MC 
Ord D 
Mis IR 44 A 5 | Siliceous 3,554 
§-D L 7 A 
SD i 
Ord P) Af 14 
D 
spe L 22 A Siliceous 
Mis IR 87 A 1 | Siliceous 
§-D L 
Pen 7 a 8 
bed L Af 2. | Siliceous 4,195 | 0 
Ord D 
Mis IR 29 A 1 | Siliceous 
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TaBLE 1.—(Continued) 


Area Proved, Acres 


Age, 
to End 
of 1936 
Field, Survey, Township, Range 
Oil 
8 Oil and Gas Total 
E Gas? 
Z me 
o 3 g 

rE S| 3 
Ns] ale 
136 Chindberg: 18-19-27 S1S-1 028 of. aisis1ecawsevsle's eixcleiseeeete aemipaie etetste 21 4 700 700 
137 Galvai (gas); 10-10-2) sereverateicts'e-« shai ls \evaln ani aleYarsyais) tevetee easels 7 6 1,500 1,500 
138 Ceres) ee Sem cree Gere rar tae n/m 2 8 | 1,200 1,200 
139 sonnaon, 35-19-3, 1-20-35 ivicineis cp ote ane aces tea cae enum 4] 11 700 7 
140 MoPherson,, 82-1822 icra cavatece-aisia's.cusiese occto sieleleiosnee)e ens shor dhslelarerotath 10] 4 2,000 2,000 
141 Rits Canton, 0.19 20 se De, ccsaterorcicieleicleteiaremaatetere/ervace ¥ ae 13,000 13,000 
142 Voshell, TA 20'=}- 24 Re Bi ies: < cists. cty'sce cieicla: cle dbieisto tenis elats'eieletsisie i 9 3,500 3,500 
143 | Marion County 
144 Covert-Sellers, W. 40108: 21-4 Fa). tam cslsiciaseretiele tere «6 deere cine 16 | 10 | 2,400 2,400 
145 Hlorence-Urahiell, 20-21-65. ci ss ..fers ateia/s orarclereis aie cccre tie saeinle’s etme 17 1 | 3,000 3,000 
146 SOE a oye EEO Ue cen ocecmpavcetecde pot sn \ponven saenebicor oles 360 360 
147 Taoat Springs; Q2-17-4 manarcwc fe coos cee ae ches ee 10| 4] 2,400 2,400 
148 Peabody 40-224 stig: cick 23 OL ne ee oie ae 17| 4] 3,000 3,000 
149 Propypy; 8-29-24 Bs 5 sieve s:cceteseis% asa ci brace sia jsveuntale a ninpeteyo/s,arersisla viele sieve 10| 9 
150 | Ness County 
151 Aldrich 7218-2572. cassie ton swicte(e'e’e s semesters s starvielaaree acta ye 40 40 
152 Thompson? 1318-265 ccicoyete cictcoe culo sates Pee erowlars ce eicieeisie 7 40 40 
153 | Pawnee County 
154 Pawnee Rock:13-20-1655.q.. 3 /s..cbla cue .cle snlocieatramaneienicens 4 40 40 
155 | Reno County 
156 Abby ville 2424-8 os, iaiccte occinietn lum aves nein inie consahrpete eeatatleranaceicineet 9 | 11 80 80 
157 Barrtonst. 23) 2d Base iW scccp lewis cise ee tein acl eae tele 6| 4 5,000 5,000 
158 Harrys teod~dics Societe vie om as bienes faire entiee e-rarced aac ones 6; 4 120 120 
159 FAS VON, SOO oo oe cress eisiolurs\o'e aitiviele see evelataeibrgi@ele We sialsls sacle 1| 4 40 40 
160 Hilgers 16:26-4 4 525. es cone eae ae ae ee 2/10] 600 600 
161 Dheradoy 10-26-05, oo. ae aan wae cheoy pealch atein naes Oni nee 4 1 600 600 
162 oder nede2ded. 5 sieinie eae aloes apretininia tie sta ele tes Seacce nates 1 2 80 80 
163 | Rice County 
164 BOWIMGN aoe kn LOL «cgihipie's.g oe she's,’ 0 vivictn ecatalsiate’s fulelacoeniclvitia« 5 10 10 
165 Brandenscelny 10-19-10 sia... nesmsioou ste cant den Cac care Site 40 40 
166 hinges, 10-058 2010. Hee os vic cca cc wean tmeinn es eeceien ame 5 | 10 | 4,000 4,000 
167 Doran; LOIOLO sess; daomsientnasnch 6 ce coeiacdin soak ater: 3 10 1 
168 UA WARAS psa d SoS, wine tis vesiertte's a Sele focaiera ere bdainaretarerslstnon lapele al agers 11 300 300 
169 Birnie) S200 vasa onicint betas cco Bare. wleeatok orks Get one mane 6 40 40 
170 CaltaBel ead; fc ecko awe emne« oitnea suteaa Mette stove bee cee. 1 3 10 10 
171 Geneseo 25-18-8505 5 naan alas orn cisitlesiv(e sivlen vk tae merece 2] 8 600 600 
172 CMLANOR HL OLED. Wins e iene nance ataiaeh Me cienie cere een atee Li e6 160 160 
173 Matorman, OLR F sc cciaw ors deesmamadh a iaae y Seeeeneeton 7 160 160 
174 VA AGHELASE TOD Leg), ic cin iem sepa egies Oisloam tics Gees eee 9 600 600 
175 Beeeling ts DOO ok ss she Siu cco dies Autariaic ees tector ae irs 600 600 
176 vonsi(Pulliam), 8b=-10-8 srnatsccs.c ah seesiehiees aes otic cans o 5 40 40 
177 Martel sI8-20-10 c's neramieerdseklocsant es diate athe reece ae c 2 10 10 
178 OFS oak eolLOs seein Wedesells des aaciia Scat ie sieces, deka eee han B76 600 
179 IGOR AORLE-Us's nencrewsconpacihiass soe Took cae Gem tLn 6.) ee 200 300 
180 PROMCG a or kn Fase sols cl AEN Rao atv se vse Rida Tae ois cite v Sieh Baie 6 10 10 
181 Raymond, 21-20-10 7| 711 
TBO Pickens G0-18-0, Sicleaton se. dices acch horace: i] 3} oo et, 
183 Bheman, O-2l-d.2 504.5 aa meneteas + tachinaiiniateencibas 4 40 40 
184 Schartz, 33-19-10 6 160 160 
185 Siawipa, S-LSs10l< ess cosacec concen ete ern inten: 1; 8 160 160 


20 Includes Beyer Grove Sharpe and Volkland. 
21 Includes Alberta Johnson a Theede. “aA 
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eee ee 


Total Oil Production, Bbl. LA ee Number of (il and/or Gas Wells 
During At End 
1936 nd of 1936 
cel 
To End of During During - 2 
g 1936 1935 1936 as ~ ee 3 
= 3 g= BS 1B) Ss (eS) wp lw] we] 2 
Z, o “ wo] oy ee B= (| Hes) (deel) oo 
Fes =i) Po | S| esola|s S42 50/8 8 go =| 
£ As |-oe | es (es) aes| 2] 8 sel salsa| sales 
5 B= | Am] AM [S2/ S85) 8 | a [BB FOES) FO) ea 
136| 687,349 307 187,280 19 10| 29 
137 9,672 48 | 48 
138] 639,061 166,214 434,025 45 45 45 
139| 1,741,995 | 313,369 174,000} 250 17 8} 25 
140| 573,200 | 147,522 160,700 34 18 | 52 
141 | 26,869,000 | 3,100,000 | 2,317,100] 44,000 257| 98 | 355 
142| 19,400,000 | 1,700,000 | 1,100,633} 4,300) 2,350 120 120 
143 269,378 
144] 11,100,000} 84,00 67,200 21 21 
145 77,500 68,400 18 18 
146] 1,481,500 131,174 120,900 14 14 
147 142,000 12,900 aT 37 
148 80,500 
149 319 3 
150 
151 14,791 2,392 3,933 1 1 
152 3,137 3,137 1 1 
153 
154 1 1 
155 | 16,900,000 6,043,935 
156| 233,749 75,000 51,135 4 4 
157| 13,100,007 | 7,338,85017| 2,685,105] 18,000] 7,860 192] 36 | 228 
2,458,552 111 111 
158 164,577| 1,700/ 287 16 16 
159 37,869 8,127 29,742 3 3 
160| 414,563 66,174 301,341 22 22 
161| 343,373 9,186 334,187 13 13 
162 22,153 2/867 19,296 4 4 
163 | 29,620,000 11,216,771 
164] | 1 1 
165| — 279,006 97,000 42,395 2 2 
166 | 12,108,744 | 5,044,759 | 3,470,100 211 ait 
167 7,418 7,418 1 1 
168| 180,570 180,570 18 18 
169 29,850 29,850 4 4 
170 10,887 1,132 9,755 1 1 
171| 720,846 | 266,000 397,000 24 24 
172| 144,688 35,588 109,100 7 ti 
173 54,800 54,800 6 6 
174| 395,100 395,100 22 22 
175| 1,109,170 | 235,000 874,170 39 39 
176 75 1 1 
177 
178| 341,864 81,000 84,100 13 8 1 8 
179| 801,339 | 220,000 204,315 10 10 
180 2,631 2,631 1 1 
181| 4,140,000 | 1,037,000 | 1,111,500 56 56 
182 16,736 4,014 12,722 1 1 
183 12,568 12,568 2 2 
184 72,146 72,146 18 13 
185 160,360 10 10 


16 Includes Florence-Urshell. 
W Includes Haury and Stone. 
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TaBLE 1.—(Continued) 
Ise i 


Oil Pro- . 
Depth, oe in Bok : gab bd nace seas age 
eet ethods at) per Square Inc “ 
End of 1936 age daring 1956 
Gravity 
Number of Average | A.P.I. 
Wells at End of | at 60° 
Bottoms | To Top f 
. | of Pro- | of Pro- =a 
2 eT ductive Initial re 
Bos vite eS 1935| 1936] B& |38 
j a af 120 
: E| 5 z5 [S2|2 
=< me | & BS jam) a 
136] 3,009 2,363 19 37 
2,996 
137| 2,964 2,900 1,025 
138] 3,298 3,274 5 41 
139} 3,046 2,984 17 990 37 
140} 2,395 2,340 34 975 500 35 
2,978 2,927 37 
3,200 3,190 40 
141} 2,399 2,360 257 | 900 500]. 32 50 


18 Gas in Wabaunsee at 2075. 
19 Some oil in Siliceous at 3775. 


23 Gas in Oswald 


at 2884. 


24Gas in Wabaunsee 


Charecte el Producing Rock 
Gas, Approx. 
Average 
during 1936 
: Name 
pet pe 
a 8 BS 
6°? B85 
Lansing 
Chat 
Chat 
Hunton 
Chat 
Lansing 
Chat 
Viola 
Lansing 
Chat 


W. A. VER WIEBE 


TaBLE 1.—(Continued) 
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Line 
Num- 
ber 


Agef 


177 | Ord 


Product Deepest Zone Tested 
rodusing Rock to End of 1936 
3s Refer- 
8 to 
Xt = me 
Char- | Poros- | Thick- | struc. | 4 S Depth of 
acter? ity’ ness, turer | woo Name Hole, 
Average io) 3 =H Ft. 
in Feet 8 s3 
Age) 
g aS 
ze <3) 
L 13 A 4 | Siliceous 
IR 
64 D Siliceous 
L 24 A Siliceous 
Sy 62 Af 6 | Siliceous 
5 D 11 | Siliceous 
IR D 42 | Siliceous 
‘ MC 
IR 53 Af 13 
L 3 
8 3 
D 
L D Pre-Cam 
L D 
L D Siliceous 
IR MC Siliceous 
L D 
IR MC Hunton 
D 
IR 
D 
L A 2 | Siliceous 
IR Af 7 | Siliceous 
D Af 
IR A Siliceous 
IR A Siliceous 
L A 2 | Siliceous 
L A 3 | Siliceous O 
IR A 2 | Siliceous 
D Cav 11 
L Cav 12 D 7 | Siliceous 
D Cav 38 A 17 | Pre-Cam 3,742 
D Cav 20 1 
D Cav 3 D Reagan 
D Cay 19 1 
D Cav 25 A 1 
D Cav 43 D 
D Cav 3 D 2 
D Cav 24 Lomi 
DR 30 ML 2 | Siliceous (0) 
D Cav 26 A 1 | Pre-Cam 
D Cay 6 D Reagan 0) 
D Cav 
8 Por 3 D 5 | Pre-Cam 
L Cav 30 
D Cav 19 A 1 | Reagan 
IR 43 MC 
L Cay 10 D 4 | Reagan 
D 21 : 
S) Por 20 2 | Siliceous 
DR 6 MC 10) 
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TABLE 1.—(Continued) 


Area Proved, Acres 
Age, 
to End 
of 1936 
Field, Survey, Township, Range 
Oil 

sg Oil | and Gas Total 

g Gas 

z e|2 

o & 8 

5 = |S 
186 Welohy-2e2 156s is cate, « a-sistegistaleiacts ayavspare'siatels adhe sresols le deireeiste ks 12 9} 1,500 1,500 
187 WW otak6, 7220-10 (2 cr-tote stars rete a erstere ee ire eee eee 1 | 10 10 
188 Wherry 22) 22157 55% .. Siaesoatieahoin id aiv'e male eclebe cle ote Meare date 3] 3 120 120 
180 | Rooks County qetcna ects «sccaepaoeien so ace eels eee ra eisai 
190 Dopttase las-1l seaccrrsciae nace sis aarstersists tele eke es ees re teeta 2 9 40 40 
191 BG tt Dns 12 G- 18) 66S satan wiateie “sisi detase-essteisue Reteieem aotente atte anions 10 10 10 
192 Lartonjc) 120-1655 -n hss teiaesaalttecte, oda cist eiete eee eae Meters tick 9 6 200 200 
193 Webster; 15-8-19.. 21-8-19 09595 7.1, diastare(eiersssletee wa cfstnlainisreve,cietors 6] 2 80 80 
194 Weepthusins 11-0617) 5,, soc: ccteeist reine ie On ettinicis eae ead oinenbis cae 2 10 10 
195 IATOBS 26210519 i; Seciclelele cermesicioeteieG.ve saleetoeelee at aeeie cae 1 3 60 60 
196 | Rush County 
197 Bison Fo Tab elf cist iayes vis creas asielates, Aewinea mete rahe Oe aetna 8 2 40 40 
198 Otis; MOBUBAT GO iojao ates srcconaoracsse'e aetore ainte oseinonareassvateeaetays ensieeieeuere 6 9 3,600 3,600 
199 | Russell County 
200 (Arsh ate y LOL B13 55 \aye-<:614110\0:0,alevareto: oe win toler oeeagateieta/atareretaimiest dle 9 40 40 
201 Atherton 20-10-14... < sarge cence soa « c'e Vieinien salaries eae ols 1 6 160 160 
202 Benso, 9-14-15........... 10 40 40 
203 Berrick, 6-15-13.......... 1 i 80 80 
204 Big Creek, 30-14-14 1 6 120 120 
205 Box bergen OG-L5-Li:...<.0) ste crctayere: cfeimierate: cts ciateide's'« xPte a iercisin clone 1 1 160 160 
206 Bunker Hil; BiaL G12 ceiwr srerottiercasy Secale ot gare ate ove eee 1] 2 80 80 
207 Ooralonatel 71nd ees eo hainecacn een ste eavn eee 3 40 40 
208 Miliner, 86-1 6-16. care cocuscwiessnalatere ve tency aetaevern emis eons 6 8 40 40 
209 DonovanwitO-LOLbs. ccerwates so cetes wana cot ete seeee eae 1] 10 40 40 
210 Dubuquevd4l 5-127 ~.. sccanie scraarieroe atte ciaalete s cies ov seimw(ae rs 14 eS 80 80 
211 Richman: (94-15-18... cdnstoree ms athe ota eile icuscneeecdte Lies 600 600 
212 Mairportad. 11).13-+ lawaRidb-a- 36.5.5. 2 de cee aan cine. can 13 2) 3,600 3,600 
213 Gideon S51 B-14 aoe icin crereateterio ests calnieiees Ok wistumees ey amie 6 6 40 40 
214 Gorham? T.13 +f 14g ROR ait arsictesate mae anton sate 10 | 2] 3,600 3,600 
215 IGOTNOY, Coke ld oes. ciessterns else wlatsiawiscoaswuianterieu olla euie ape 1] 10 600 600 
216 FLall2*SO284-139 555 sre Saielorstercigcien a voici an sivreieln cite ete ae 6] 2 300 300 
217 ar Darin Boek dal Oo oa visie.cnnie lotta Ganis coer ciearee acy CGMER eet 10 300 300 
218 COPS A cod TA ns ces cles aMRRICIN Sole asnetta inn eelvele eten oes viatre 1 3 80 80 
219 AGUAS 1a Ged MeN i'a 05's org’ vsosera dierecathinialEiala wi wersicceis acct ttcle ers ielete eters 6 40 40 
220 INiedential, 29-14-15 invest see wopiehvis ¥ascleaveinta esas deh weirs 2| 5 300 300 
221 (vi 7HOT | 5 OR ea Dee iar te Oe Ba ar 7| 2] 400 400 
222 (Peter song il Sol do LO see ewicayeds cineminienes al eich ie meee vider aa 2 40 40 
223 RANSON Bid OLE, rae v etoieierethareisieSs sieiciw sroverdylatettiorelete atin oats 2} 10} 1,200 1,200 
224 DeUSNs, AL BLS cicn.cc statewide « cisteavatetstente ws itele ui aentetnatete 7 6 | 1,200 1,200 
225 Biteinektn ied GLO vay cece agers aiakteaatarete es @ehion meee se aes rf 10 10 
226 Biallivariy cel del O.5 ea aaia ae nice oleiennrslpas tedihna aera cde tds 1]; 91 1,000 1,000 
227 PP VAN perk doko tyra ebidcalae ne cuv une Deees Sosteme cei ibs cae 
228 RU vinriee) EL Boat n h cota: wis-aleratoters Gales slam heca mmeiatie aience ame 
229 SU TAD My CULO LG) trie s.visihaso'sievey atin ccolaiein ac Re ORM stare uate cecaty 10 | 1,000 1,000 
DSOiNP ge MAMBO, Oald-14 CW acise caecum erauceidnmteane cae anes ll 40 40 


22 Formerly called Thode. 

26 Includes East Gorham, Dumler, Foster and Milberger. 
27 Formerly Miller. 

28 Includes North Trapp. 
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Total Oil Production, Bbl. Te tee Number of Oil and/or Gas Wells 
ee At End of 1936 
> 
§ To ae of Ne During 3 ire a 
1935 1936 8 ba a 
E ‘3 gS(BS |B] EEE] wp eS] wel # 
4 sg bo wo |gwleg 3 | 8/80 B= C=an- Be rel: ace 
= as 2 | a8 Bg 2 ah | 3g) as 30/388] 3° a3 
A= | oF 5S | 38 |as8 go8 g 8 =P Sa 32 3a se 
a = ee She IO Se rss |) By EA eS | ESI) ae 
186 | 3,700,800 310,000 225,160 32 32 
187 232 10,532 8,700 1 1 
188| 228,536 98,437 67,585 4 4 
189 25,800 
190 4,006 2,106 1,900 2 2 
191 4,020 4020 1 1 
192 186,605 18,394 25,228 3 3 
193 37,449 2 1 1 
194 0 1 1 1 
195 21,890 2,585 19,305 3 3 3 
196 1,827 
197 524 4 1 0 
198 38,755 2,247 36,170) 22,530 32 5 27 32 
199 | 24,000,000 | 4,200,000 6,500,426 
200 22,426 22,426 2 2 2 
201 120,124 1,561 16,488 ih 1 1 
103,575 6 6 6 
202 6,311 6,311 1 1 1 
203 25,074 25,074 3 a 3 
204 67,395 663 66,732 5 5 5 
205 60,440 900 59,540 4 4 4 
206 12,628 2,000 10,628 2 2 2 
207 5,904 5,904 1 1 1 
208 61,154 1,543 0 2 0 0 
209 14,943 3,800 11,143 1 i 1 
210 57,891 1,391 56,500 4 3 3 
211 224,420 6,748 217,672 13 13 13 
212] 11,971,217 | 1,025,000 929,418 147 147 
213 25,390 6,442 0 4+ il 1 
214] 5,297,956 | 1,040,000 1,494,728 160 112 112 
215 154,943 20,143 134,800 14 14 14 
216 457,955 136,000 244,000 16 16 16 
217 120,421 16,100 1 ii 1 
104,321 11 il 11 
218 26,574 350 26,224 4 4 4 
219 4,336 4,336 fi 1 1 
220 481,085 233,000 236,439 14 14 14 
221 630,156 231,000 119,345 12 10 10 
11,429 1 1 1 
222 11,429 
223+ 2,348,586 | 1,100,000 59,347 3 3 3 
1,041,070 40 40 40 
224) 1,464,236 356,000 356,812 24 24 
225 7,477 7,477 1 1 1 
226 745,738 28,896 14,177 1 1 1 
: 149,747 1 1 1 
a 1 1 
227 295,702 46 46 46 
228 241,988 2 2 2 
15,228 1 1 1 
229| 400,239 400,239 47 47 47 
230 11,363 11,363 1 1 1 
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a nnn EEE EEEEEEEEEEESEE 


Oil Pro- Character of Oil, 


Depth, Average in | duction |Pressure, Pounds | 4 rox Aver- Producing Rock 
Feet Methods at} per Square Inch¢ Yer Character of 
End of 1936 age during 1936 Gas, Approx. 
Gravity d Stee Oe 
uring 1 
Number of Average | A.P.I. 
Wells at End of | at 60° 
Defoe Togo 
| of Pro- | of Pro- oy f 
8 | ductive | ductive Initial a se Name 
¢, Bo: Pr 
3 Wee Res ae se 1935/1936] BS |os| | 8/3 52 
i ey as |4 ola. E os 
© E 5 a> \23/2/35\¢8 3 
4 E Bs |B") 8 | a? [54 
186] 3,415 3,370 32 33 Chat 
187] 3,373 3,360 1 42 Siliceous 
4 3,380 3,358 4 32 Chat 
1 
190) 3,217 3,212 2 36 Oswald 
3,419 3,409 25 Siliceous 
191} 3,150 3,128 1 40 Oswald 
192] 3,261 3,228 3 40 Oswald 
193} 3,225 3,215 35 Oswald 
3,455 3,445 1 25 Siliceous 
194] 3,242 3,231 1 Oswald 
ie 3,349 3,340 3 36 Oswald 
197} 3,578 3,573 915 Basal congl. 
Ro 3,509 3,507 5 | 1,350 1,140} 35 Reagan® 
200} 3,327 3,311 2 37 Siliceous 
201| 3,055 | 3,008 1 31 Oswald 
3,289 3,284 6 40 Siliceous 
202| 3,096 3,030 1 37 Oswald 
203| 2,945 | 2,894 3 39 Oswald 
204] 3,184 3,180 5 37 Siliceous 
205} 3,151 3,147 4 37 Oswald 
206] 2,981 2,965 2 36 Oswald 
207| 2,881 2,790 1 Topeka 
208} 3,308 3,300 0 30 Siliceous 
209} 3,199 3,193 1 37 Oswald 
210} 3,278 3,275 3 40 Siliceous 
211} 3,326 3,316 13 36 Siliceous 
212| 2,962 2,950 147 42 Oswald 
3,217 3,211 38 Gorham 
213} 3,325 3,317 1 36 Oswald 
214] 3,057 3,027 112 38 Oswald? 
3,300 3,299 34 Gorham 
215} 3,006 2,675 14 38 Topeka 
3,001 Oswald 
216] 2,940 2,902 16 38 Oswald 
3,454 3,451 40 Basal congl. 
2,908 1 37 Oswald 
217| 3,185 3,179 ll 41 Reagan 
218} 3,319 3,315 4 36 Siliceous 
219} 2,880 2,831 1 38 Oswald 
220} 3,250 3,246 14 40 Siliceous 
221} 3,378 3,364 10 36 Siliceous 
222 1 Siliceous 
223) 3,204 3,195 3 41 Oswald 
3,286 3,280 40 36 Siliceous 
224] 3,097 3,088 37 Oswald 
3,365 3,352 24 38 Siliceous 
225| 3,097 1 35 Oswald 
226) 2,526 2,525 1 36 Tarkio 
2,799 2,780 1 39 Topeka 
227! 3,070 3,060 1 38 Oswald 
3,314 3,310 46 Gorham 
228] 3,332 3,330 2 37 Siliceous 
1 Lecompton 
Topeka, Oswald 
229] 3,253 8,252 47 Siliceous 
230} 2,550 2,522 1 35 Tarkio 


26 Gas also in Wabaunsee. 
29 Also Tarkio, Topeka, Siliceous. 


—_ 
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TaBLE 1.—(Continued) 
St 


Produci Deepest Zone Tested 
ee to End of 1936 
Line 3s Refer- 
Num- a8 ence to 
ber Net a} Texti 
é Char- | Poros- | Thick- | struc- aga ad Depth of 
Age acter? | ity’ ness, turet |. Bes Name Hole, 
Average sys Ft. 
in Feet g as 
g=y 
5 SA 
186 | Mis IR 45 A Simpson 
187 | Ord D Cav 13 1 
a8 Mis IR 22 MC 1 | Siliceous O 
190 | Pen L Cav 5 A 
Ord D Cav 10 
191 | Pen L Cay 22 
192 | Pen L Cav 33 A 4 
193 | Pen L Cav 10 
Ord D Cav 10 
194 | Pen L 
He Pen L Cay 9 A 3 | Simpson 
197 | Pen DR 5 D Pre-Cam 
a Cam is} Por 20 D Pre-Cam 
200 | Ord D Cav 16 
201 | Pen L Cav 47 A Reagan 
Ord D 5 
202 | Pen L Cav 66 A Pre-Cam 
203 | Pen L Cav 51 Pre-Cam 
204 | Ord D Cay 4 A 1 | Siliceous 
205 | Pen L Cav 4 Siliceous 
206 | Pen é L Cav 16 A Siliceous 
207 | Pen L Cav 20 (0) 
208 | Ord D Cav 8 A 
209 | Pen L Cav 6 A 1 | Siliceous 
210 | Ord D Cay 3 AC 2 | Pre-Cam 
211 | Ord D Cav 10 A O 
212 | Pen L Cav 12 A 21 =| Pre-Cam 
Pen $ Por 6 
213 | Pen L Cav 8 3 
214 | Pen L Cav 30 D 13 | Pre-Cam 
Pen 8 Por ul 
215 | Pen L 5 A 2 | Pre-Cam 
Pen L 
216 | Pen L 15 A 
Pen DR 3 
217 | Pen L Cav 6 A 
Cam S Cav 
218 | Ord D Cav 4 A 1 
219 | Pen L Cav 15 A Pre-Cam 
220 | Ord D Cav 4 A 1 
221 | Ord D Cav 14 A 1 | Pre-Cam 
222 | Ord D Cay A 
223 | Pen L Cav 9 D 9 | Pre-Cam 
Ord D ‘Cav 6 
224 | Pen L 9 A 6 | Pre-Cam 
Ord D 13 
225 | Pen L Cav 
226 *| Pen L 1 A Pre-Cam 
Pen L 19 
227 | Pen L 10 A 
Pen 8 4 
228 | Ord D 2 A 
Pen L 
229 | Pen L 2 A 
Ord D 1 O 
230 | Pen L Cay 10 
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pool. All these pools are in Russell County, on the north flank of the 
Central Kansas uplift (formerly called Barton Arch). The Topeka lime, 
which was added to the number of producing horizons in a previous year, 
continued to furnish additional amounts of oil and was found in several 
other pools. 

At present these upper “pays” are insignificant from the standpoint 
of total recovery. The Siliceous lime of Ordovician age still heads the 
group as the most prolific producing level. It is followed by the Oswald 
lime of Pennsylvanian age. The Viola lime is gaining prestige because 


TABLE 1.—(Continued) 


Area Proved, Acres 
Age, 
to End 
of 1936 
Field, Survey, Township, Range 

F : Oil 

§ Oil be Gas Tota 

Z 2|a 

© a|& 
El £\5 
231 | Scott County 
232 Shallow: Water; 15-20-33. We acrascie ore sieciaiate clsicres sidlsininsletiaiasiele« 2 1 160 160 
233 | Sedgwick County 
234 Bentley, 1 O11 accra annaleeicesveicledenionsivieweipy bs an oees 2; 9 10 10 
235 Cheney} 8-274 tos cee scractencite oorsnie's alae nouns oriete agate card Liss 10 10 
236 C068: 26 2beL Toehansis'cem sie cimoargee daisies we mias womens aleece 7 9 160 160 
237 Hasthorough, '19-2 722; Bieri clwa-aintas/nele o stvicietlele saiviannra’e s 7} 5] 1,000 1,000 
238 Goodrigh; A6-25-1 Ih: Vance aarbec asco cela Wiehe Sees aes ce ead 8 1 700 700 
239 Greenwich, 14-26-2 EF... <8 700 700 
240 Robbins, 20-28-1 E... fad 420 420 
241 Schulte, 6-28-1.......... F 2/11 40 40 
242 Valley Canter s1-2Ge1 cntie ccalecins cca s o.cmdaiiehiclna me We cyclers 8{| 5] 1,500 1,500 
243 Ga ee, a 
244 FANE ATER, pole vre cilen'sin< ncsies teases Uieecenas epee nents 3 32 
245 TordanyL rd Orel Sac yiata/aroraieiate claleldn vin = molgiaiv siniein melee ciensfets manele 3 0 =H 
246 Michardséon,:31-22-11 Jocr cp cwicsuan is caes vedtcus wens 6| 34 1,200 1,200 
247 Bolder: 8-21-11 5 s. scdeatise v.cetis eg sis.a.¥ cs. soaerewen.pdeedanee 9 80 80 
248 St, Jolin; ZS-24513 5 st stawciesatacb Mamieraervins eat wieuclamim oe een 1 
249 | Sumner County ! a 
250 Ould Wella 7-O0-G; sus cabincicnconceansaapie tus sume vanirertes C3 160 160 
251 Charchiigaosples Livcaseashieasinekges nc eueney xncaedttine we nce 10 
262| Corbin, 23-842............ hh sak Sis Foes Vokow eas renee 9| 8| "40 0 
253 Reva See's. ceta'vicis eunsiets sie Sd.n Navasisiareibicureniete stoaitests Rem aceey 9| 5 300 300 
254 OPORG TeOrb ata EL, A os-csualscieialay pais dbingiin dina cmietean laa cect 9] 5 
255 Pudgetter 1. 34 1-85 Reid Wis cds deine vay siecian anele ooanion ect 10] 3 or 1,800 1 300 
250 Rutter, 21-382 E. ES sy Site i Ren ae eae 10] 6 40; ° "40 

ellington, Pe cia wid aM WS dia She Male Bap aid eine x Canrevath Sw iacale Biel aiars 

258 | Trego County ; 1 ee pe 
259 aie caipares’ RG siveclulsimercted Gia otreaslaine ok cteters ter oe eer: 9 80 80 
260 akeeney, ES craiuistn ecere ci ciosninay aa Raeleaatd isi RSENS 
261 | Woodson County : oli pastas nant 
262 Winterscheid, 15-23-14. 19-24-14..........ccccccccecesececes 15 7,700 7,700 


263 | Southwest County 
264 Hugoton, Morton, Stevens, Grant, Haskell, etc................. 16 1,500,000) 1,500,000 
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of the Lerado pool in southwestern Reno County and because of its possi- 
bilities in southwestern Kansas (Clark County). The discovery at the 
latter locality proved one of the most interesting of the year. One of 
the deep wells in the Morrison pool, now 8 years old, encountered a large 
flow of oil at 6467 ft. in the Viola. Many operators and geologists feel 
that this proves up large areas in southwestern Kansas and northwestern 
Oklahoma for future exploration and exploitation. The large flow of gas 
found in the western extension of the Cunningham pool, in Pratt County, 
within the Viola is probably of local significance only. In the same 


TaBLE 1.—(Continued) 


Total Oil Production, Bbl. Bay eee al Number of Oil and/or Gas Wells 
During 
1936 At End of 1936 
iced 
» | To End of During During im 2 
ies >a 3 
a 1936 1935 1936 “s ae Re o z % E me g ws s 
uo} > By) SQ)\-a4)/-as | -2 s-| S 
Zz, 4) bo wo |g eee 2 | 3/8) 86/88) sol_s 
2 AS |-28 |-28 (e8] 688] | s |FS/ Sx lS5/salse 
a oS | BS | 2S |\Ss|soS| 6 | 2 lam) SS 125) Sasa 
FS) = fa) AZ 7 OF 7014 BV a ela je 
231 
232 33,981 24,180 9,301 3 3 3 
233 | 38,250,000 3,050,000 1,641,543 
234 5,115 2,057 0 1 1 1 
235 3,700 2,245 0 il 0 0 
236 38,500 12,500 0 4 4 4 
237} 6,947,821 396,000 304,798 56 49 49 
238 | 1,661,057 159,073 109,920 13 13 13 
239 | 8,069,774 760,000 499,881 61 43 43 
240| 2,428,132 | 1,027,000 442,782 56 55 55 
241 65,489 54,000 11,560 4 0 0 
242 | 18,756,611 593,000 577,400 135 75 75 
243 715,106 
244 268,365 120,000 66,577 4 4 4 
245 0 1 1 1 
246| 1,631,791 558,000 487,493 27 27 27 
247 43,360 18,400 il il 1 
E 24,960 3 3 3 
248 1,139 22,312 2 1 1 
249 | 34,700,000 2,382,372 
200) 4,121,171 75,396 44,609 8 4 4 
251 | 17,600,000 350,000 396,000 60 60 
87,349 6 6 
252 30,264 0 4 1 vl 
253 336,474 36,494 32,000 5 4 9 
254 | 12,684,000 785,500 48,156 30 30 
1,622,066 
; 57 57 
255} 1,506,605 125,071 104,953) 3,480 23 18 oa 
256 15,196 0 0 1 0 a 
257| 1,345,806 272,508 667,441 52 52 
258 . 
259 14,883 14,883 2 2 - 
260 106,758 22,000 75,258 8 8 
261 
262 304,000 310,876 204 204 
i 103,150} 20,000] 21,000} 100} 181 35 1 180 180 
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category must be placed the discovery of the largest flow of gas (75 million 
cubic feet) from any western Kansas well, which was encountered in the 
Pulliam well near Lyons, in Rice County. In this well it was the Siliceous 
that was found productive, and this is the first gas production from this 
very widespread oil-producing zone. 

Additional light was shed on the correlation of the ‘basal sand”’ of 
western Kansas. It is now known definitely that a sand that lies strati- 
graphically below the Siliceous produces in certain Barton County pools 


TaBLE 1.—(Continued) 


Oil Pro- : 
¢ A Character of Oil 
Depth, Average in duction |Pressure, Pounds me . 
Feet Methods at| per Square Inch¢ Apes. AWE, Character of Producing Rook 
End of 1936 8 “ Gas, Approx. 
> Average 
Gravity ; 
Number of Average | A.P.I. cong 
Wells at End of a 
Bottoms | To Top 
s. | Of Pro- | of Pro- Pre N 
# | duotive | ductive Initial ae oe 
e one op ge | .8 B/Be 5 
2 wv] z 1935/1936) & 2 |e Sz |g 82 
g E| 3 se (88|8|22 84 
3 & | & BS lama | a? |S= 
231 
Fo 4,686 4,670 3 26 Vaniman 
234 2,911 1 34 Kansas City 
235| 4,017 4,006 0 38 Viola 
236] 2,730 2,690 4 35 Kansas City 
237 2,927 49 44 Chat, Misener 
3,235 Viola 
238 2,616 13 35 Kansas City 
3,350 38 Misener 
239| 2,868 2,865 43 39 Chat 
3,327 42 Viola & Wilcox 
240 3,090 55 42 Mis. lime 
241| 3,668 3,666 0 Wilcox 
242) 3,368 2,600 75 43 Kansas City 
3,366 Misener 
243 Viola 
244| 3,714 3,698 38 Siliceous 
245) 3,727 3,722 37 Oswald 
246| 3,599 3,537 41 Siliceous 
247| 3,138 3,111 36 Oswald 
3,343 3,324 42 Siliceous 
248| 4,087 3,513 33 Kansas City 
4,075 35 Siliceous 
249 
250} 4,784 4,778 47 Wilcox 
251 1,820 37 Stalnaker 
2,335 36 Kansas City 
252) 4,498 4,490 46 Wilcox 
253) 2,031 2,015 Topeka 
3,046 3,042 40 Oswald3° 
254 2,020 37 Stalnaker, Layton 
2,400 
2,890 38 Siliceous*! 
255} 3,502 3,474 38 Chats? 
256 3,315 Chat 
a 3,666 3,655 52 42 Chat 
259 3,602 40 Oswald 
Sst 3,627 3,619 39 Oswald 
Bartlesville 
os Mis. lime 
264 | 2,775 2,680 435 | 425) 422 1,030} 425 | Big Blue 


30 Two horizons 150 ft. apart. 
31 Also Howard, Hoover and Severy. 
82 Also small production in Siliceous, 
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(see Table 1). This sand is therefore called “Reagan” although geolo- 
gists are fully aware that it may be younger than the Reagan of Oklahoma 
and may actually correspond to the Roubidoux or even the Gunter of 
Missouri, both of which are of Ordovician age. By some geologists the 
name Lamotte (taken from Missouri) is preferred to Reagan. Another 
basal sand is the Pennsylvanian basal conglomerate. This is not ordi- 
narily a true sand, but usually consists of detrital rubble of Ordovician 
and Mississippian rocks washed into the Pennsylvanian sea froma near-by 
hill. Most commonly it contains chert fragments embedded in a red 


TABLE 1.—(Continued) 


K Deepest Zone Tested 
Producing Rock to End of 1936 
Line 3s Refer- 
N ne Net 38 noe to 
= : 
: Char- | Porog- | Thick- | Struc- & a Depth of ext 
Age! actera | ity? ness, | ture’ | 7 PS Name Hole, 
everane eG Ft. 
in Feet b ee 
q23 
S 5a 
231 
3 Mis L Cav 16 A 1 | Siliceous 
233 
234 | Pen L Cav MC Ordovician 
235 | Ord L Cav A Siliceous 
236 | Pen L Cav MC 2 | Ordovician 
237 | Mis IR&L}| Por D 12 | Siliceous 
Ord L Cav 
238 | Pen L Cav D 7 | Siliceous 
Mis D Cav 
239 | Mis IR D 21 ‘| Siliceous 
Ord L&S S: 
240 | Mis L Cay AC 16 | Siliceous 
241 | Ord 8 Por MC 4 | Siliceous 
242 | Pen L Cay D 17 | Siliceous 
Mis L 
Ord D 
243 , 
244 | Ord D Cav 16 A 4 an 
245 | Pen L Siliceous 
246 | Ord D Cav 62 Af 1 
247 | Pen L Cav 27 A 
Ord D 19 
248 | Pen L Cav 12 A 
Ord D 
249 a 
250 | Ord Sy) Por 6 D 1 | Siliceous 
251 | Pen B pe 60 Df 13 | Pre-Cam 
Vv 
252 a 8 Boe 8 3 Siliceous 4,805 
253 | Pen L 16 6 | Siliceous 4,367 
Pen 4 
254 Pen ES Ae 20 
av 
255 | Mis IR 28 AC 12. | Siliceous 3,785 
256 | Mis IR AC 2 | Siliceous 3,700 
257 | Mis IR 1 MC Siliceous 
258 é 
ps a if 8 Siliceous 
261 
262 | Pen 8 
Mis L 
362 | Perm eas | Mo Mississippian 5,500 | A 
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TaBLE 2.—Summary of Drilling Operations in Kansas 
Important Wildcats Drilled in 1936 
Location 
County and Field Sec. | Twp. | Reg. Death. Formation 
Survey | Lat. Long 
Barton Count; 
1 edo: J he cdeeiiy Seca Se eee aioe econ wae 33 1658. 13 W. 3395 | Cretaceous 
2 Bloomer i stcatew at eterseaseais acviotwainais gieteec ristaloae 36 1758. 11 W. 3281 | Quaternary 
3 Ehly 24ceshen. sc coat eela ca ee eeeme oie citer Rare 15 168. 12 W. 3332 | Cretaceous 
4 iss ss aried cnn se eae eee 31 20S. | 13 W. | 3290 | Quaternary 
5 Ricks ccunesieee ctowt aeitoeeu ctaserqacineonnectamet Be 1 19S. 11 W. 3355 | Quaternary 
6 Suda silts stash cfs occcieev:evcisona see ren scene serene 16 1658. 13 W. 3389 | Cretaceous 
Butler Count; , 
7 Brandt. ¥ rhs Tofaiole,€ stays tlteis ee Sie ace. eielelovers tes etoaiel Isto 15 28 S. 7E. 2700 | Big Blue Perm. 
8 MoCullough (5. ocincths sis vac’ biv-ce tergtaienaesese 1 28 8. 6 E. 3175 | Big Blue Perm. 
Clark Count; 
9 Morten Mae dereis select saisinaclele ndle-c.es aeairamameltioe 17 32 8, 21 W. | 6484 | Permian Cim. 
Cowley Count; 
HO a David hoki ae 35 | 308 | 45. Big Blue Perm. 
11 Geuda Springsy8.) 08 seaincn eceeiions see 11 34 8. 3 E. 3320 | Wellington 
12 MPLS: 2%-< icersreistole-slcrete wp 6 ateis Se eee Cera netioe 8 35 8. 3 E. Wellington 
13 Sherwood: <.ctess-pu.c susan ewlelen pieteae eine sepeamee 11 3158. 4E. Big Blue Perm. 
Ellis County 
14 Antonino, te. vossei oo estas sselenemingiem cece ian 26 148. | 19W. | 3710 | Cretaceous 
15 Catharines. -.csasecacotatene net nem eerente eae 3 138. 17 W. 3362 | Cretaceous 
16 EEN Coan ontnen oeiona pa saecostina- secdancue 10 118. 18 W. 3045 | Cretaceous 
17 Yass de asscle scisuchiceres soaweer tee man icneitees 22 148. 19 W. 3740 | Cretaceous 
18 Maddon csstaiciers asoreievon atctarsretslets aialete ersldieyy Se enilion 26 158. 18 W. 3600 | Cretaceous 
19 Marahiall Sy, «7 co ais\@erare Seria otto aancinidte valerate arene 36 118. 18 W. 3650 | Cretaceous 
20 Penny Wann .c0ie dasecaiamrcnincerenaeieeinete ele rate 13 158. | 20 W. 3658 taceous 
21 Bolomion hyeats. cso eu Geneon east taes cae meee 28 118. 19 W. 3632 | Cretaceous 
22 Uber tae ttia sis tetas ecient cunieniddtecabaacee 12 13 8. 18 W. 3707 | Cretaceous 
23 Walter sy risevice stint asairtaiae oat a tears 2 128. 18 W. 3165 | Cretaceous 
24 Bemis hese cas. ciciseton omen ote iow tes seietotee 15 118. 17 W. 3380 | Cretaceous 
25 Victoria. cays ciestoaue teeth asits cca tcelnctes sae 3 148. 17 We 3560 | Cretaceous 
Ellsworth County 
26 Brafordsotiths mehae seca amet. aseciviaes <ata ere 18 178. 10 W. 3310 | Cretaceous 
Harvey County 
oT IWaArkentine 0% cos sis\oinloare angie Rosle ease nanos 1 23 S. 2W. 3000 | McPherson 
McPherson County 
28 Canton NOrthin civ. dota m casa anticeccton 26 188. 1W. 2832 | Wellington 
Ness County 
29 ‘THOMPSON, cass b4.5 ne Coemeatieestee sa eee 13 18S. | 26W. | 4527 | Tertiary 
Pawnee County 
30) | week BWNEOMNOGK ga delais'c'eisicinisis-n eieisteaieisisaeateice aon 13 208. | 16 W. | 3841 | Cretaceous 
Rice County 
31 HOW TMBRL aio’ s)s1si0, Gini eis: s,s einimrate si ctarnieye’oic evel teale sreceretatts 22 198. 10 W. 3305 | Quaternary 
32 Doran dgtesaca'vjeid Ae a ccusismicsian ate ote con ae 13 198. 10 W. 3311 | Quaternary 
33 MN WARUS IS sic atc Geie Steet mets acces eB ne 3 188. 8 W. 3282 | Quaternary 
34 Botnping apecscaie eiGia tv sintiaicte any Ho once aeRO 8 2058. 9 W. 3291 | Quaternary 
35 Hatermaltc dunes se tr'aleisccvweisn Vale MOOT «Segoe 6 198. 9W. | 3216 | Quaternary 
36 FIRUBONUN serve nisiccetic sa ee miomalatabicticte tome 15 218. 7W. | 3372 | Quaternary 
37 Manterceie kisctcacioekxs citar 18 208. 10 W. Quaternary 
38 PONG Ntenes Guay sibs saraGrin nee tae enn een ae 28 2158. 7W. | 3431 uaternary 
39 BOXMAN Ecco yersceuscvem meus cimaae t conrceies cate 5 218. 7W. | 3337 | Quaternary 
40 Boharttinere hector sake ane ee 33 198. 10 W. 3320 | Quaternary 
Rooks County 
41 UBAUIN Sa .\s vase sissureenenieane cote map eaatce eae 12 6S. | 18 W. ae Cretaceous 
42 WOBURMSIN ir etree cava ta ecaiewaiecen chee duaiee poe 11 98. | 17W. 3240 | Cretaceous 
43 10 158. | 18 W. | 3327 | Cretaceous 
44 9 148. 15 W. 3036 | Cretaceous 
45 17 158. | 13 W. | 2881 | Cretaceous 
46 25 148. 15 W. Ler Cretaceous 
47 34 1458. 13 W. | 2880 | Cretaceous 
48 12 148. | 15 W. Cretaceous 
49 21 158. | 15 W. | 3095 | Cretaceous 
50 30 155. | 13 W. | 3253 | Cretaceous 
3064 
51 26 14 14 8170 | Cretaceous 
52 9 145. | 14W. | 2550 | Cretaceous 
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Important Wildcats Drilled in 1936 
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Initial Production 


per Day 
Deepest Horizon Tested Drilled by Discovered by 
Oil, Gas, 
U.S. | Millions 
Bbl. | Cu. Ft. 
1 | Siliceous lime Vernon 0. & G. 1241 Oks drill. 
2 | Siliceous lime Yarnell, Carlson Spencer 470 Wildcat. 
3 | Reagan! Vickers Petroleum Co. 311 Subsurface. 
4 | Oswald Simpson, Noble Atlantic 969 Seismograph. 
5 | Siliceous lime Rose-Spring Drilling 937 
6 | Siliceous lime C.L. Price et al. 939 Wildcat. 
7 | Mississippian chat Armer et al. 195 Core drill. 
8 | Wilcox National Refining 108 Subsurface. 
9 | Viola lime Olson Drilling 2358 Subsurface. 
10 | Bartlesville 
11 | Bartlesville Shawver and Wilt 120 
12 | Chat 
13 | Bartlesville Roth and Fourot 5215 
14 | Basal conglomerate Twin Drilling 410 Core drill. 
15 | Oswald lime Harris & Haun et al. 676 
16 | Topeka lime Kansas Dey. Co. 531 
17 | Penn. Basal conglomerate Vickers Petroleum Co. 259 Seismograph. 
18 | Siliceous lime Bridgeport Machine 400 
19 | Siliceous lime Lario Oil and Gas 800 
20 | Basal conglomerate Bradley et al. 420 Seismograph. 
21 | Siliceous lime Jones Bros., Carpenter, et al. 600 Seismograph. 
22 | Siliceous lime Bridgeport Machine 416 Subsurface. 
23 | Topeka lime Lario Oil and Gas 1159 Core drill and subsurface, 
24 | Siliceous lime Margay Oil Co. 1353 
25 | Siliceous lime Twin Drilling 412 
26 | Siliceous lime 955 
27 | Mississippian chat West Kans. Dev. Co. 569 Core drill and subsurface. 
28 | Mississippian chat Empire O. & R. 825 Core drill and seismograph. 
29 | Mississippian chat Continental Oil 684 Core drill and seismograph. 
30 | Siliceous lime Simpson & Noble 257 Seismograph. 
31 | Siliceous lime Simpson & Noble 58 . 
32 | Siliceous lime Stark et al. 1366 Wildcat. 
33 | Siliceous lime C. E. Skiles et al. 550 Seismograph. 
34 | Siliceous lime Empire O. & R. 435 Seismograph. 
Rose-Spring et al. ’ 
35 | Siliceous lime Shell et al. 1719 Seismograph. 
36 | Basal conglomerate Douglas 0. & G. 624 Wildcat. 
37 | Siliceous lime Rose-Spring 418 Subsurface. 
38 | Mississippian chat Day et al. 135 Wildcat. 
39 | Basal conglomerate Sage & Douglass 1135 Wildcat. 
40 | Siliceous lime Hartman, Blair, Texas Co. 440 Subsurface. 
41 | Oswald Gillispie & Sons 306 Core drill. 
42 | Oswald Dean & Kiskaddin 504 Core drill. 
43 Siliceous lime Murphy, Phillips 487 Subsurface. 
44 | Oswald lime Cent. Pet. Co. 292 ; 
45 | Topeka Coralena Pet. Co. 2000 Wildcat. 
46 | Siliceous lime, Oswald lime | Hartman & Blair 788 Subsurface 
47 | Oswald Darby Petroleum 419 Core Drill. 
48 | Siliceous lime Braden & McClure 840 
49 | Oswald Lario Oil and Gas 729 Surface. 
Siliceous lime : 1200 
50 Oswald Coralena Oil Co. 598 
Topeka 
Braden and McClure 220 


51 | Basal conglomerate 


52 | Tarkio lime R. C. Tarrant 243 Wildcat. 


1 Mav he basal conglomerate, 
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clay matrix. Locally large perceritages of sand and even shale and lime- 
stone fragments are present. When a layer of sandstone or conglomerate 
of quartz pebbles is found, it is very difficult to decide whether production 
occurs in the Pennsylvanian or some older horizon. Such a situation 
exists in the Antonino pool of Ellis County. 

Even more confusing are situations where the Pennsylvanian basal 
conglomerate lies directly upon the Mississippian chat. Typical chat 
consists of the insoluble residues left behind when the Mississippian 
limestone was subject to prolonged erosion. These residues are pre- 
dominantly chert fragments and red clay. In the Hauschild pool, of 
Rice County, one of the 1936 discoveries, the Pennsylvanian basal con- 
glomerate overlies the chat. This pool eventually will merge with the 
near-by Wherry, Alberta Johnson, Theede and Saxman pools. The area 
has been one of the ‘‘hot spots”? during 1936, partly because of the large 
production from some of the wells (up to 15,000 bbl. per day) and partly 
because none of the major companies had an original interest there. 


Hor Spot or 1936 


Another place in which development has progressed at a feverish pace 
during the year is the Trapp area of southern Russell County. This 
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Important Wildcats Drilled in 1936 


< Surface 
County and Field ‘ ¥ i Depth Formation 


Stafford County 
Jord: 


3725 | Quaternary 
3343 | Quaternary 
4075 | Quaternary 


3654 | Cretaceous 


2700 | Quaternary 
2764 | Quaternary 


Haskell County 


Elliott & - 2682 | Tertiary 
2745 | Tertiary 


aS Sed 2771 | Tertiary 
ilchrist 4 
Rice County : - | 4245 | Tertiary 

5 3385 | Quaternary 


Old pools 
New Horizon 


2286 | Pennsylvanian 
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pool together with North Trapp, Sellens, Eichman, Ochs, and Coralena, 
all of which probably will merge with it, had 75 wells at the end of ‘he 
year. The Silica area, which started out as the Steckel and Isern pools, 
saw very rapid development, ending the year with 175 wells. It will 
probably merge with the Peter and Langfeld pools to the south and the 
Schartz pool to the east. Production comes from the Siliceous, which 
occupies a topographic plateau interrupted by small local sinkholes. The 
good porosity has given wells with large initial production. This area 
vied with the prolific Burrton area during the year for first place in 
total production. 

The Silica area lies only a few miles west of the Chase pool, which saw 
such rapid development in 1935. It, in turn, lies on the trend of the 
Lorraine pool, which lies in southern Ellsworth County, and is being 
actively drilled. More scattered development, but none the less inten- 
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Important Wildcats Drilled in 1936 


Initial Production 
per Day 
Deepest Horizon Tested Drilled by a= oi Discoverea by 

Oil, Gas, 

U.S. | Millions 

Bbl. | Cu. Ft. 
53 | Oswald Atlantic Oil Co. 575 Seismograph. 
54 | Siliceous lime L. A. Ferris 737 Subsurface. 
55 | Siliceous lime 
56 | Oswald lime Continental Oi] 495 Surface. 
57 
58 
59 | Big Blue Lone Star State 34 
60 | Big Blue Helmerich, Payne 34 
61 | Big Blue Helmerich, Payne 
62 | Big Blue Kuhn Bros, et al. 
63 | Big Blue Helmerich, Payne 
64 | Viola lime Skelly, Empire, Gulf, Tidewater 50 Core drill and seismograph. 
65. | Siliceous lime Simpson & Noble 75 Seismograph. 
66 
67 
68 | Siliceous lime Diller Oil Co. 1000 


EEE SEES 


In Proven Fields | Wildcats 


Number of wells drilling Dec. 31, 1936................+ 


Number of oil wells completed during LOSS dicen crakesfreceiars 1214 peas 
Nambat of gas wells completed during 1936............... 61 vf 
Number of cS holes completed during 1936.............+. 446 


! a 
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sive, has taken place in Ellis County. Less than two years ago it had 
three pools (Hadley, Shutts and Yocemento) but at the close of 1936 
there were 16 pools and 69 wells. Since many of these pools are one-well 
pools, much drilling may be expected during the coming year. 


WateEeR DISPOSAL 


The problem of water disposal has become a major problem. During 
the year many wells were drilled with the express purpose of providing 
an outlet for ever increasing quantities of salt water. A common pro- 
cedure is to drill a deep, noncommercial well deeper into the producing 
horizon or into the Reagan sand. Before the water is allowed to enter 
the porous disposal zone it is treated in surface ponds or tanks in order to 
remove materials which might clog the formation. Available data indi- 
cate that in western Kansas the Dakota sandstone of Cretaceous age 
and also the salt zone (see Fig. 1) in the Permian Wellington are capable 
of absorbing large amounts of brine. Important also is the fact that they 
will take the water by gravity and that pressure is rarely needed. In 
some cases the capacity for water absorption is remarkably large. For 
instance in the Greenwich pool of Sedgwick County one well is able to 
assimilate 10,000 barrels per day. 


REPRESSURING AND OTHER INTERESTING DATA 


Intimately bound up with water disposal is the problem of repressur- 
ing. Many operators believe that much of the oil left underground may 
be obtained with economic profit by water drive. Each year more prop- 
erties in the shallow districts of eastern Kansas are being flooded. With 
the present low prices for crude, not all of these ventures result in a profit. 
Besides Chautauqua, Elk, Montomery and other eastern counties, where 
the sands are shallow and the fields are old, flooding has been started 
in Butler, Greenwood, Sumner and McPherson Counties. In most of 
these gravity does the work, but in a few additional pressure is used. 

During 1936 one new county was added to the list of oil-producing 
counties. Pawnee County, which lies west of Stafford, now has one well 
in sec. 138 T. 208., R. 16 W. with a potential of 257 bbl. from the Siliceous 
lime. Production was found at a depth of 3815 feet. The pool farthest 
north in the state,—the Faubin pool, in Rooks County—was discovered 
during 1936 (12.-6 8.-18 W.), which found production in the Oswald lime 
at a depth of 3128 ft. Not less interesting is the revival of drilling in 
eastern Kansas, where the search for deeper horizons has not been aban- 
doned. On Oct. 23, 1936, the Diller Oil Co. drilled in a 1000-bbl. well 
in sec. 25, T.31 S., R.10 E. (Webb pool of Elk Co.), finding the Siliceous 
at a comparatively shallow depth. Subsequently three other producers 
were drilled into the same producing horizon. The potential rating of 
these wells is 5500 bbl. without acid treatment. Other similar wells were 
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drilled by the Sagamore Oil Co. in Chautauqua County and by Denman 
Bros. in Elk County. In the old Longton gas area of Chautauqua County 
deeper drilling into the Mississippi lime has been rewarded by the finding 


OIL SANDS 
AND KEY BEDS 


FLORENCE 


BIG BLUE 


* WABAUNSEE 


PERMIAN 


AMERICUS 


UPPER ADMIRESAND OIL 


LOWER ADMIRE SAND OIL 


SCRANTON SAND GAS 


HOWARD. LIME GAS 


PERU SAND OIL AND GAS 


WEISER SAND OIL AND-GAS 
WHEELER OROSWEGOLIME OIL 
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eee 
MARMATON [____| 
— 
— 
CHEROKEE 


MISSISSIPPIAN zs 2 
ORDOVICIAN 
Perret 


Fig. 2.—OIL-PRODUCING ZONES OF EASTERN KANSAS. 
‘Drawn by Charles Matthews from data prepared by the author. 
most important producing horizons. 


BURBANK SAND 
BARTLESVILLE SAND 


BURGESS SAND GAS 
MISSISSIPPI LIME OR CHAT an Gas 
MISENER OR Ist. BREAK 
* VIOLA OR 2no. BREAK 
ecaah WILCOX OIL 


nee heer OR STAPLETON OIL 


WHERE 
PRODUCTIVE 


GRANITE RIDGE 
GRANITE RIDGE 


GRANITE RIDGE 


GRANITE RIDGE 


= TOPEKA LIME OIL ANDGAS) GRANITE RIDGE 

> |SHAWNEE f** TECUMSEH SAND GAS | GRANITE RIDGE ie 

= OREAD LIME 

ar 

oa DOUGLAS GRANITE RIDGE 

> STALNAKER SAND GRANITE RIDGE 

BE 

ud = ENCILL SAND OIL | EASTERN KANSAS 

(ae KANSAS CITY fe STOKES SAND OIL | GRANITE RIDGE 

LAYTON SAND OIL | EASTERN KANSAS 

BRONSON OLD RED SAND OIL | EASTERN KANSAS 


EASTERN KANSAS 
EASTERN KANSAS 
EASTERN KANSAS 


EASTERN KANSAS 
EASTERN KANSAS 
EASTERN KANSAS 
EASTERN KANSAS 
EASTERN KANSAS 


EASTERN KANSAS 
GRANITE RIDGE 


EASTERN KANSAS 


Stars indicate 


of important oil production. The first well was drilled in sec. 14, T.338., 
R.12 E., not far from the city of Sedan. It encountered oil at 1748 ft. 
some 150 ft. below the top of the Mississippi lime. Many similar 
Mississippi lime “highs” are known in southeastern Kansas and it is 
entirely probable that additional areas will be brought into production. 


(See Fig. 2.) 
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Oil and Gas Development in Kentucky in 1936 


By Coteman D. Hunrsir,* Inny B. Browninet anp Nicuouas W. SHIARELLA, tf 
Associate Mremser A.I.M.E. 


Durine the year 1936 improvement in the oil industry in Kentucky 
continued at about the same rate as shown by that of the year 1935 over 
the year 1934. 

The development of several new pools in western Kentucky and the 
increase in the application of repressuring methods to the old fields of 
eastern and to a lesser extent of western Kentucky increased the total 
production to 5,481,227 bbl., as compared to 5,175,054 produced in 1935. 
The principle sources of this increased production are the Livermore field 
and the new Bates Knob field in McLean County, in western Kentucky, 
and the result of repressuring operations in the ‘‘Corniferous”’ pools of 
Lee, Powell, Wolfe, Morgan and Estill Counties and the ‘‘ Weir” sand 
(of Mississippian age) fields of Magoffin, Lawrence and Johnson Counties 
in northeastern Kentucky. The last named fields have a producing sand 
especially adaptable to these methods. 


DRILLING 


No new fields were opened in eastern Kentucky during the year. All 
new drilling was confined to pressure wells and new oil wells to complete 
patterns around the intake wells. Owing to the relatively low ‘“‘initial” 
or flush production of the wells in this section—even though the ultimate 
recovery per acre is as large—higher prices for crude will have to prevail 
before extensive search for new fields is begun; as in northwestern 
Kentucky, where active exploratory work has been carried on as in the 
several preceding years, resulting in numerous new and prolific, although 
comparatively small fields. 

In this section approximately 500 new oil wells drilled in the 
Owensboro field, embracing several pools in Ohio, Hancock, Daviess, 
McLean, Henderson, Webster and Nuhlenberg Counties in the north- 
western part of the state. The total oil production for this field during 
1936 exceeded by many thousand barrels the 2,821,722 bbl. produced in 
1935. In these fields the producing sands range from the middle Missis- 
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TaBLeE 1.—Oil and Gas Production in Kentucky 


Total Oil 
Area Proved, Acres Production, 
Bbl. 
ges 
. ears 
Field, County to En d rs 
of 1936 
3 Oil | and Gas Total | To mn of 
E Gas 
A 
o 
& 
L ol 
1| Big Sinking, Lee, Estill, Powell, Wolfe...............+.+ 19 14,047 14, saa 36,612,222 
DildacMay;, Lee! jtiak.. ceva are bce teteeisa one meceine ea cle 12 377 57Lrxx 
3.) Pebworth, Oweley ee. ace aoe Satetere scons actos oleate 13 60 sa 68,222 
4 | Ross: Creek, Esttll,..-c.cuiese onvniosteein eo meee «alsoeoaee 19 468 468 765,808 
B:| Goocey, Lee sie/accssc' siciwinttate soe syale aac slate kistslae es joheliaeePetele 16 75,02a 
6: Trabue, Dee Acie acne he cee eee. 7 98,202 
7 \\Ashleg:P owell 2:24 ac.cwvoteas: steve aerate cic sictereioiniel acne 19 1,091 1,091} 2,939,22x 
8} Ervine Esteli: &.0den ce. Ako. one eo tg soe ene 21 4,7rr 4,7rz| 11,822,222 
9] Wagesville,. Hated, aici aie rvcha:<tistn clu fas Winters ota Shera ata ates 19 400 400 842 
10 | Campton-Stillwater, Wolfe... .........cccceccecceeccs 24 1,447 1,447 644,423 
11 | Buffalo Creek oil pool, Owsley..........00.e+sseeseeees 14 12 12 27,222 
12'| Island ‘Creek, Owsley ions. 2 tate oitas ccc ena eaten ll 20 20 9,899 
13: Olympiay Bath=s.cc det ca mene ce eee econ ae 192 
14 | Menifee oil pool, Menifee.............ccecceececceeees 173 231,835 
15 | Ragland oil pool, Bath, Rowan..............eeceeeeees 364 258,930 
16'|:Cannel' City; Morgans soe <eleenre te esna cae eee 24 600 600 377,829 
17 | Oil Springs, Johnson, Magoffin..............22.0022255 17 6,100 6,100} 8,812,509 
18:| Burning Fork, Magoffin. 3.0.8... se cecmce-seeenses 14 918 918) 1,652,853 
19 | Blaine, Lawrence, ST ONNROW toes Anton sees oe anion 18 6,820 6,820) 14,583,173 
20 || Elna, ORnGOT. .. .onlieains octets con aia eens Ree 16 1,512,916 
21 |: Louisa pool! Lawrence... sinc c.as0 cose ue etnae eee ene: 24 l,raxr 600 lerr| 1,496,948 
22'| Ambrose- Weller: Olio nctrterra' stare stots ora tec eee ioe 11 600 600} 3,656,500 
28'| Taonyille; Hiiott hts. Se Meets cee eed ewe 20 100) 46 2,000 2,146 80,748 
24 | Big Sandy Oil, Floyd, Knott, Martin.................-. 21 200 200) = 146,222 
25: Mokanney sl Ancont wis tecarcia cmecerietmicein aceite 17 4,502 
26 | Wayne, Wayne, McCreary....... afewafetalvorsteisiaraietel? xine 39 8,522 8,522} 4,357,717 
27 | Logsdon Valley, Le Grande, Bonnieville, Hart........... 6 2,9rx 2,9rz| 5,838,030 
28 | Lavermore:: MCC eatin le ecissaie'aten ie ances eeete weieietee 1Yr.4Mo.| 545 10 555) 1,016,907 
29)) Barrett ill) McClean ss,asyon ce eee ete eee 7 250 250 797,864 
30 | Owensboro, Davies, Ohio, McClean, Hancock, Breckenridge 18 10,800 10,800) 25,2rz,222 
o1., | Henderson .Wenderson chennai oan ak rine ea caice 6 218 218 474,813 
oe | Muhlenberg, Muhlenberg... 5. di. ceee ccs cn see ceuies fon 7 245,692 
33 | Bowling Green, Allen, Warren, Simpson................ 18 12,035,561 
34) Barre Barrenge-« bees es eeca deen aero eee 17 3,667 3,667} 2,421,711 
OD LOU PAR ECs Kouta iera chats, ca lekis eisai etnieea io ere, 33 7 228,275 228,275 
36 | Pike County gas fields, Pike................ececeesees 6 57,200 57,200 
Be Martin. MM anti ccracssiar cocks cat een aa aeons 39 80,300 80,300 
BS Knott, Knolt...beccamactes cast aaacc ee one ae eed ee. 31 98,000 98,000 


SE a ee ae a res eee Se a ae ee a a 
4 Footnotes to column heads re bo Seedeton of symbols are given on page 291. 
2 Depleted, abandoned since 192 
3 Depleted, abandoned 1930. 
7 + Depleted, abandoned id eat ludes the few oil well 
Big Sandy oil fie! is includes the few oil wells encountered in the Floyd, Martin, Pike, and Ki 
fields which are referred to as the Big Sandy gas field. ; m fi ee Race ower 
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118, 269.] Big Sinking pool, located in all four counties produced as follows: 


a i ee a 
Total Oil Production, Bbl. A one Number of Oil and/or Gas Wells 
pane At End of 1936 
Es 1936 Bene, 
g7| 8 2 
S| During During | PE} S |wlo| Ae | 3s et =] 
4 1935 1936 | Bz 5 2/3} g2 |g2l\ zy] z ee wo p,| Soe, | cod ea 
Zz <i} SF | eo] ww aw | es | = 8 BA Ba 28 asp) 3 
b> g |.8/.8 As Bg a | 3 1ae2| sO] 5 | =3 
g ‘as| 0 /3/5| 83 | 8S | 2 | 8 |88|/Se| 52/88) Fe 
= AP a |alal ae [5 oO] a | S21eO}] Ge | go Patan 
1 642,272) 657,777! | 1,802 2,4cz) 1x | xx 0 2,022 
2 59,arr 49 xxx 152 ler 97 
2) 2,896 2,252 6 15 15 
4 20,733 17,192 182 62 
5 Loos Leon 13 411 
6 10,2rx llerx 15 915 
i 52,002 5l,zrr 152 523 ray 
8 152,222 152,222 4xn 1 lez} TE 
9 7,766 21,476 3 100 3x 
10 5,803 8,864 20 275 6x 
11 5,2ra 2,500 22 ( 3 4 
12 0 0 0 6 0 0 2 0 0 
13 20 0 
14 150 0 
15 100 0 
16 1,011 678 2 75 0 14 10 
17 217,639} 218,066 56z 1,055 1,033 
18 63,933 59,110 160 159 159 
19| 498,301] 472,875 122 L118 0 0 1,118 
20 42,900 43,930 120 250 230 
21 38,438 36,954 9x 286 12 234 
22} 109,500) 327,000 891 190) 0 
23 227 2,164 7 40 3 4 8 11 
24 2, acer 36,793 200 44, 5 13 13 
25 0 0 8} 60 05 4 0 
26 32,854 31,104 8x 1,451) 6 1,451 62a 
27| 279,074) 217,449 | 1,872 1,222 Qer 9xx 
28 23,171) 993,736 | 2,749] 0 169) 164 0 Shutin 169 
29 91,570 251 Bolle 2 57 
30 | 3,953,037) 3,ccx,cax | 2,00x 3,200 2Q,00x 
31 61,590 60,004 146 63 63 
32 26,166 22,554 6a 20 20 
33 | 216,284) 186,876 Sax 2,026 loo 
34 49,198 66,900 142 791 
35 y 1,202} 45 | 1s 1,lew ile le 
36 y 175} 20 0 Ix 175 16x 
37 y y| 253) 40 lx 24a 24a 
38 y y| 182) 22 182 


ol ee eee ee ee eeeeeeee—eee————eEe———————ee 
1 To obtain runs for each pool is nearly impossible; runs being available by county only. [See Trans. A.I.M.E. (1936) 


1935, Bau. 1936, Ba. 
610,968 599,108 
180,298 214,474 
98,968 103,788 
TUN yor ic Saawe ounioe fe ode SABO ED BO GUC OC ES BUDOD Son OO EOD Ne CE DOCOMO arr anata 19,999 29,255 


5 Fi been abandoned for several years. ; é : 
6 Den ty3 i oe well producing from the Ordovician created a great deal of excitement. This well is reported to have 
produced over 1000 bbl. per day for a few days. It is now reported producing over 100 bbl. 
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TABLE 1.—(Continued) 


Oil Production praret ti Character of Oil, 
Depth, Average in Feet Methods at End is | rey Approx. Average 
figs) ein’ | ARSE aoe | Charter 
Ped = 
: ing 1936 
Number of Average at | Gravity A.P.I. ee 
Wells End of at 60° F 
. | Bottoms of To Top of ° : 
3 see  eptohs Be g a 4 
ells me S eo]. & Sos bes 
3 Flow.) Pump- 182]  |1935| 1936 | g i 2828). Be |S Be 
g 28/8 Be feeles| 8) 53 jes 
“| i cE Z| |E=|g4| 4] a5 [626 
ul 700-1,200 650-1,150 2,erz | Air 42 |37 |40 ns 
2 1,000-1,200 975-1,175 97 P 
3 15 E 
: 550- 900 520- 870 - bg 
6 940-1,140 900-1,100 15 42 |40 |41 P 
7 600-1,000 550- 950 4ra Ia 
8 120-1,000 85- 960 9rar 
td 100- 400 75- 375 3x | Air P 
6x 
ll 1,125 1,110 4 42.8/40.8)41.8 E 
12 39 ig 
13 
14 1,040-1,250 1,020-1,280 
15 650- 850 625- 825 
16 1,800-2,000 1,780-1,980 10 
17 900-1,260 860-1,220 1,033 | Air| 180 | 300} 300 |38 |34 (36.5 P 
18 1,080-1,400 1,040-1,360 159 38 |36 |36.5 P 
19 760-1,060 700-1,000 1,118 | Air] 550 360 |38 |34 |36.5 a 
20 640-1,100 600-1,060 230 38 |34 |36.5 P 
21 1,600-1,900 1,575-1,875 234 40 (87 |38.5 Pr 
22 725 650- 700 190 Vacuum |35.9 35.9 
10 Pts. 
23 11 0.17) P 
24 1,000-1,500 950-1,475 10 3 
25 121-— 360 101— 390 
26 400- 700 385- 680 bra : 
27 700- 850 780-1,300 Ora ie 
28 1,400 1,300-1,400 168 250 50 (34.5 34.5 
29 1,250 800-1,200 57 320 | 80 74 |387 |84 |35.5 
30 600-1,300 2,c0x 35 
31 63 
32 1,250-1,700 20 
33 laerr 
34 
35 400-3,500 900-3,100 1,150 
36 8 1,150 
37 1,100-3,250 700-3,000 34 1,150 
38 1,300-3,500 1,250-3,000 1,150 


8 Gas-producing horizons in Pike County run from 10 to 20 per cent di than in Floyd f i 
also thicken at average rate of 20 ft. per pa to the etek > es ee ee ee 


— 
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22g ES ASE AES a ae ee 


Producing Ro Deepest Zone Tested 
b Bose to End of 1936 
i) 
la @ aed 
a8 
o 
2 Net pst 
Name Ages hickness, a Ihe as 
< g 5 “ Aversa Structure = S 8 Name - 
= 3 & in Feet § 83 Sm /8S 
g ave le Bs |se 
B & s 5 Sa Am gs 
1 | Corniferous Dey, Sil Ls Por 30 MC 3ra} Trenton 20x 
2 | Corniferous Dey Ls Por 20+ MC 4a| Devonian 
3 | Corniferous Dev Ls Por 20+ MC 1z| Devonian 
4 | Corniferous Dev Ls Por 20+ iT 32] Ordovician 
5 | Corniferous Dev Ls Por 20+ 
6 | Corniferous Dev Ls Por 20+ MC 
7 | Corniferous Dev Ls Por 40+ Af 5x 
8 | Corniferous Dey, Sil Ls Por 40+ AF 1zz| Ordovician 
9 | Corniferous Dey, Sil Ls Por 25+ AF 7x| Ordovician 
10 | Corniferous Dev Ls Por 25+ ASD): 82} Devonian 2,190 
11 | Big lime Mis Ls Por 15 A 3| Devonian 1,962) 46 
12 | Big lime Mis L Cav 10-40 MC 10) Devonian 
13 | Silurian L Cay 10+ MC 7x| Ordovician 
14 | Corniferous Dev Ls Por 20+ MC 4x| Ordovician 
15 | Corniferous Dey Ls Por 25+ iS) 1zzr} Ordovician 
16 | Corniferous Dev L Por 20+ AF 2z| Devonian 
17 | Weir Mis iS] Por 35 D, A 9x} Ordovician 3,815 
18 | Weir Mis iS) Por 30 D 4z| Ordovician _| 3,900 
19 | Weir Mis 8 Por 60 D 1zz| Silurian 
20 | Weir-Berea Mis § Por 30 DF, A,S 15z} Devonian 
21 | Berea Mis is] Por 20+ s 2z| Ordovician | 4,975} 17 
22 | Jett sand Mis Sand 20% 40 A 56| Trenton 4,020] 18 
23 | Weir Mis, Dev S,H,Is| Por |40+20+ 350 A 10} Devonian 1,780 
24 | Maxon, Big lime Por, 
ig Injun Mis 8, Ls Cav 15+ ML, MC, T 3z| Ordovician | 3,706 
25 | Corniferous Dev Ls Por 18+ MC 4| Ordovician 855] 19 
26 | Beaver-Sunny Brook | Mis, Ord Ls Por 12 8 2zx| Ordovician 1,921 
27 | Blue sand Sil L Cav 15+ T, MC, A 2zez| Silurian 
28 | Barlowe & Bethel Mis Sand 15% 20 AF 17} Devonian 3,242 
29 | Jett, Jackson, Barlowe, 4 
Bethel Mis Sand |15-20% 30 14] Devonian 3,250 
30 | Fuqua, Stray, Potts- | Pen, Mis s 18-20% 2-75 AN, AT, D | 1,rzz| Ordovician 
ville, Jett, Barlowe, 
Jones - é ° 
31 ee Jones Pen, Mis 8 Por 30+ D,A 6z| Devonian 
32 | Big is Ls Por 20+ D 2z| Devonian 
33 etn sand Cornif, | Mis, Dev Is Por 15+ D,T,A,MC}| 1,2zz} Ordovician 
Deep sand. ae 
34 | 2d aad Corniferous | Mis, Dev, Ls Por 10+ MC,T,D,N] 1,222} Ordovician 
Amber oil sand| Sil, Ord ’ 
Trenton / Ribeat 
35 | Salt sand, Maxon, Big | Pen, Mis, 8, L, Le, | Por, 15-550 | A,D, MC,T, 96) Silurian 3,643 
lime, Big Injun, shale] Dev, Sil H Cay N,S 
Cornif., Big 6 : : 
36 | Salt sand, Maxon, Big | Pen, Mis, §,L,H} Por, 10-800 | A, AM, H, 36] Devonian 4,181 
lime, Big Injun, Dev | Dev Cay MC, D,T,S 
shale 4 
37 | Salt sand, Maxon, Big | Pen, Mis, 8; L, H | Por, 10-600 | A, AF, D,T, 33] Devonian 
lime, Big Injun, Dev Cav MC,S 
shale 0 
38 | Salt sand, Maxon, Big | Pen, Mis, §,L, H | Por, 20-500 | A, AM, H, 20] Ordovician 3,706 
Lime, Big Injun, Dev} Dev Cav MC, D, T,5S 
shale 


16 New Oil Pools in Banish: Ky. Geol. Survey. 


17 Owens Bottling Co. 
18 This field put in vacuum during 1936, 
19 Jillson: Ky. Geol. Survey (1922) [6]. 
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sippian to the middle Pennsylvanian age, most of the production coming 
from the Jett, Jones, Barlow and Bethel sands of the Chester series. 


LIVERMORE Poot AND BaTES KNOB 


The year saw the complete development of the Livermore pool, in 
McLean County. This pool produced from the Bethel and Barlow 


TABLE 1.—(Continued) 


Total Oil 
Area Proved, Acres Production, 
Bbl. 
de: 
. ears 
Field, County to End . 
2 of 1936 i 
3 Oil | and Gas Total | To End of 
8 Gas* 1936 
a 
3 
= ws 
39 | Boyd County and Ashland, Boyd................0.0005 12 16,640 16,640 
40) Perry: was (Hasard) Perrys cesses steratstoeiclsiae cir gcieierer islets 6 1,200 1,200 
41 | Oneida—Burning Springs, Clay 11 7,000 7,000 
42 | Burning Springs gas, Clay. 27 
43 | Indian Creek gas, Knoz.... 7 0} Of] 1,200 1,200 
44 | Artemus-Himyar gas, Knor........0.0--scecececececss 6 0| O|} 4,600EW| 5,000 0 
5,000 
45'|RediBird gas field "Bell. . sac r-ssetae cscs cccoeeekc & 6 0} 0 600 600 
46 | Williamsburg oil and gas pool, Whitley................. 34 700 700 4,000 
AZ| Big'6 as, BV CGsl « cies stern c's, eases is:3 oe sina ws ols cia saat 16 1,600 1,600 
48 | Rothwell gas field, Menifee............ccccececeeceeee 35 0} 0} 15,360 15,360 
AO|| Powelligad, Powell ccc concn ae <ietetetste se vince aie stecaye 4 
50 | Carlisle gas field, Gallatin, Carroll..............0.0.005. 4 
§1:| Swamp Bre gas, J OhisOM ios, crtesiess ots theives /eelthe cieeimalein O's 9 3} 0] 3,000 3,003 Not 
62)|\Flat:Gap wasid ONNS0N te. asctes cust agniane scene vce 16 10,880 10,880 eg 
BS | VIM AS: I ONNEAM G. wle sce mols trivieccslstas aere atrsrete ria eleeo'e 6 19 1,98) 
64.| Cain, Lawrence soc. <cas ples ioe See » Ate 016. cee ea aeis 7 bs Oo} 0 Be mane 0 
55 | Green-Taylor gas, Green-Taylor..... 0.60.60 0c cece eee (Field abandoned) 
56 | Cumberland—Clinton, Cumberland, Clinton............. 42 Qerz,rrx9 
87 | Iattle Richland, KNOG cic, a: cis ecg cae ste POs 3 33 ict ome 
58 | Ivyton, Licking and Mine I’k. gas, Magoffin............ 16 6,840 6,840 
59 | Needmore gas field, Owsley wan 16 
60 | Mortons Gap, Hopkins.............0.0005 ‘ 14 50 Pe 
GL) Batordy ONO... casiacher cco slecunalds Auer renoctins <a 7 346 346} 1,414,400 
62 | Habit, Daviess ; 6 100 
63 | Lindsay Taylor pool, Daviess...............0eeeeeeeeen 7 15 " 7 ert 
64)| Herbert; OM scne's tc.c.4/neisiesiein'spammater aise nue aan 16 350 350} 408,370 
65:) Red Bile Daetena: mcticcton nie Svenieitienniceitiens aniviarehteien oie 9 
66 | North Triplett gas field, Rowan....................... 3210 me 1,200 1 300 ae 
67 | Bates Knob (New Pool—1936), McClean............... 1 350 120 / 53,624 


® Cumberland and Clinton Counties have produced over two million barrels of oil, but as oil has been shi 
truck, pipe line, and railroad for over 40 years, it is impossible to obtain production figures. The old pepe 
drilled in Cumberland County over 90 years ago, and oil from it was used for medicinal purposes in this country and Europe 
10Some eight or ten wells were drilled in Rowan County following 1904 and the development of Ragland oil field in 
adjoining Bath County. Some of these wells produced gas from the Corniferous lime and two still produce gas for local use. 
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sands, which were found at depths ranging from 1300 to 1400 ft. There 
were 163 wells drilled during the year in this pool, having initials of 40 
to 450 bbl. The oil had a gravity of 34.5° Baumé. The Barlow sand, 
extending under the city limits of Livermore, caused a town-lot develop- 
ment that proved to be just another town-lot boom with the usual 


TaBLE 1.—(Continued) 


Total Oil Production, Bbl. Bde rol ion, Number of Oil and/or Gas Wells 
During 
2 1936 At End of 1936 
Ss oOo a) 
gS oO ‘a 
8S | During During ae| 2 |iolo AS Ses pa =m 
rs 1935 1936 | Bz| 5 |8/8| ge ze z| B esl wp ro Pi) a 
z fal |alzl ef |22) <1 | ge/8s| eo /2¢| 33 
© eel a |-Ele] we | 8) 82|/ 3a] U1 33 cre 
g zs 2/2| 26 | 8a| 8 | 2 | sa] S| 28 | £5 Sa 
3 VA Nee Tei |e Oo | 4 |ee2ia-| ae 1 a a 
39 y |¥ 7] 216, 0} 22 2 214 lex 
40 y |v oy y 6 2 2 6 2 
41 ylyly 30} 6 26 26 26 
42 y jy?) y y 5 5 
43 gly | y le oe 0 7 
44 0 0 Oo} yly|y 19) 1 0 12 19 7 
45 0} 0 0 3} «0 0 3 3 0 
46 30) 0 0 25) O 5 5 
47 y y 14). 3) 10 1 3 3 
48 4 OO 0 8 0 
22) 2 2a 
30 {7 
51 0 0 Oo] yily ly y 22| 08) 0 22 2] 1 19 19 
52 y \y y y| Qca) 0} 20] 12% 72 
53 y4iy | y y| 28 2a 6 
54 0 0 0/0) O 0 9 9 9 9 
55 
56 185 159 
38 PNG NY y| 104) Of] 2 104 5x 
59 2,000 48 Iz 3 3x 
60 500 5 Abandoned 
61| 141,800} 283,600 612 125} 0 0 125 
62 29,200 x Thi 1 oO) «il 2 12 
63 1,277| Abandoned 3 3 3 3 
64 19,760 18,700 51 131] 2 4 129 
153 45) 0 0 45 
* Se are 15 va Gal Ob ale 10 10 
67 0 53,624 147) 19 19} 1,200,000 25) 25 8 25 


1 Production furnishes tami of Hace! pace Ln eee 
ion fi thi i only locally for domestic purposes. 
it Fe ea one aT was decponod tothe Big 6 horizon of Devonian Silurian age and developed 200,000 cu. ft. open flow. 
i i ically depleted. : ? 2 : ‘ 
x ee ook vast well, 187,000 cu. ft. This production will possibly find domestic market in town of 
Morehead, 3 miles to the east, in which the Morehead State Normal School is located. 
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destructive results. In less than five months the pressure in the wells 
had declined from 250 lb. to 50 lb., and the well average dropped to 
20 bbl. This pool produced 993,736 bbl. of oil during 1936. 

Another development of note in McLean County was the discovery 
of Chester sand oil in the Bates Knob faulted anticline 6 miles southwest 
of the Livermore field. During the year 14 wells were completed in the 
Barlow and Bethel sands at depths ranging from 1550 to 1700 ft. The 
wells had an average initial production of 150 bbl. a day. This pool 
produced 53,624 bbl. during the year. 


TABLE 1.—(Continued) 


eg ee rey pee Oy et 
epth, Average in Fee e at En ey pprox. Average 
of 1936 per Sq. In.¢ during 1936 _| Character of 
Gas, Approx. 
Average 
Number of Average at | Gravity A.P_I. daring 1988 
Wells End of at 60° F. 
Py Bottoms of To Top of ° 
Z fares Brodeedve Se, E a 
ells one a's . g ol 3 & 3 
Flow- | Pump- | § = &o| . S 33 | 3 4s 
2 hea toe 35 q [1935] 1936 | & ELE Be & Be 
g =, B= 3s & | ao se lsgs 
5 am) = |S |E<|24| 2) ao [S80 
39 2,200+ 1,650+ y y y 
40 2,700-3,300 2,200-2,900 
rh 1,550-1,700 1,525-1,675 305 
43 1,550 1,500 
44] 1,110+-2,100+ | 1,080+ -2,000+ 310 | 310} 310 1,180}, 0 
45 3,500+ 3,400+ 
900+ Oil 850+ 
46} 1,750+ Gas 1,700+ 240 P 
47 1,750-1,900 1,725-1,875 
48 550- 700 500- 650 
49 
50 240- 350 225- 335 160 20 
51 1,800 1,425 
52 780-1,200 740-1,160 
700-1,100 670-1,070 
53 2,100-2,500 2,050-2,450 
rH 1,670-1,760 1,650-1,740 
56 
57 200- 500 | 
58 1,100-1,400 1,050-1,350 
9} 900-1,200 850-1,150 , 317 1,085] 1 Qt. 
61 600 585 129 10 Points|35.5 35.5 
acuum 
62 930 910 10 
63 1,125 1,085 3 r 
64 750 670- 725 129 4 |35 34 
65 45 
66 350 335 45 ae 
67 400-1,700 340-1,670 2 23 360 340 


old pools for repressuring with both gas and air. 
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There was very little new work done in the shallow areas of Hancock, 
Ohio and Daviess Counties, but several pressure wells were drilled in he 


TaBLeE 1.—(Continued) 


Most of this repressur- 


S | Line Number 


Producing Rock 


Deepest Zone Tested 
to End of 1936 


No 
bole 
a3 
° 
Net gr 
Name Ages 3 Thickness, | Structure’ |. 258 Name 
B - verage Sys pees ies 
2 & in Feet BB om |e 
= a 820° agloo 
eae EME Bcc 
5 & 5 Se Aa ss 
Salt sand, Maxon,| Pen, Mis, |S,H,SL/ Por 50+ i 29] Ordovician 4,669} 20 
Black Shale, Cornifer- lev 400+ 
ous ‘ 4 150+ 
Salt sand, Big lime,| Pen, Mis, |8,L,H/} Por, 50+ MC 11] Devonian 3,637 
Brown shale Dev Cav 500+ 
Corniferous Dev Ls Por 20+ A, MC 16] Devonian 2,284 
Corniferous Dev Ls Por 25+ A, D 1z| Devonian 
Big lime Mis L Cav 20 7 1| Mississippian } 1,552]. 
Maxon, Brown shale} Mis, Dev §,H,Ls} Por 30+ A, AF, D 2} Devonian 2,225 
Corniferous 175+ 
100+ 
Big lime, Brown shale, | Mis, Dev L, 0 Cav, 100+ MC 2) Devonian 8,725 
Corniferous Por — 
Salt sand, Big lime Pen, Mis §,L Por, | 30+ Oil A 1z| Ordovician 3,350] 21 
Cav | 20+ Gas 
Big 6 Sil iS Por 25+ A 12} Silurian, 
ee Ragland | Dev -| Ls Por 40+ D 42) Ordovician 
san 
Corniferous Dev Ls Por 20+ MC lx a. 
Trenton Ord Ls Por 15+ dD. 1z| Ordovician 967 
Maxon, Big lime, shale | Mis, Dev §, L, H rie he Depositional 0} Devonian 1,816 
av 
Weir, Corniferous Mis, Dev 8, Ls Por 40+ D 2a| Ordovician _| 3,719 
Weir, Big 6 Mis, Sil 8, Ls Por 30+ A 8} Devonian 
Corniferous ev Ls Por 18 MC 7| Devonian 11,983 
Sunnybrook-Trenton | Ord S, Ls Por A, D Cambro. Ord. | 1,934 
Salt sand Pen 8 Por 15+ A LS 
Weir, Bl. Shale, Cornif-| Pen, Mis, | 5,H,L| Por, 40+ D, A, MC, T. 57} Ordovician 8,950) 32 
erous, Salt sand, ev Cav 450+ 8 
Maxon, Big lime, Big 
aut D iiryrkeP 40-4 MC 26| Devonian 
ev 8 or BVO 
Sait and, Coseyville Pen, Mis §,L Por he AF Mississippian | 2,132 
Pottsville Pen Sand ae 15 Channel Mississippian | 1,250 
‘or 
d Mis § 18-20% 20 A 10) Mississippian | 1,350) % 
age alten We Mis 5 Por 4 40 AF 13] Mississippian | 1,340) 2 
d 
ee Mis eid 12 5-30 T,A Mississippian | 950 
sandy Ls 
Jett Mis Sand 18% 14 A 19 ere rae 1,020 
Corniferous lime Dev Ls Por 11 MC 7| Ordovician 1,501) % 
Bethel lime, Pottsville | Pen, Mis Sand, |12-25% 20 Faulted 8] Mississippian | 1,906 
Barlowe, Bethel sand lime anticline 


20 New Oil Pools in Kentucky. Ky. Geol. Survey (1926) [6]. 


21 Reference of footnote 19. 


22 Kentucky-West Virginia Gas Co, 


28 Univ. of Kentucky Bull. 3. 
24 Ky. Geol. Survey (1930) [6]. 
25 Ky. Geol. Survey (1922) [6]. 
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ing was in areas where the Jett sand (Tar Springs) was the producing 
horizon. The results so far have been very profitable. 

In the fields of the central, southern, and southeastern part of the 
state, in Allen, Barren, McCreary, Metcalf, Simpson, Warren, Wayne and 
Hart Counties, with only one exception, there was no new activity 
during the year. Only routine work was done in the developed areas, 
and very little, if any, exploratory drilling. The production in most of 
these fields comes from the Devonian limestones underlying the Black 
shale of that age. ; 

In Wayne County, however, where the production has formerly been 
found in the ‘‘Beaver” sand of Mississippian age, lying immediately 
above the Devonian shale, three wells on being deepened have encoun- 
tered Jarge production from the lower “Sunnybrook” sand of Upper 
Ordovician age. This production comes from the same stratigraphic 
horizon as that found from time to time in Cumberland County to the 
west. In that ction the wells have been “flashy,” having a large flush 
production but decdiring rapidly to the economic in a short time. The 
new discovery in Wayne County is about nine miles southwest of Monti- 
cello, and to date three wells have been completed. The first was given a 
flush yield of approximately 5000 bbl. daily, but after several days 
production had declined to around 50 bbl., which it is reported to be 
doing now. Initial production in the other two wells was not as large. 
The development has created renewed interest in this old, almost aban- 
doned area, and may have beneficial results in causing a revival of 
the field. 


Gas 


The development of eastern Kentucky’s most important Devonian 
shale gas area in Floyd, Martin, Pike, Knott and Magoffin Counties was 
maintained at the same or increased rate during 1936. Over one hundred 
shale wells averaging 400,000 cu. ft. per well were drilled. The discovery 
of the new large Oriskany gas field in Kanawha County, West Virginia, 
100 miles to the northeast, has caused no change in the situation in 
eastern Kentucky either in additional development or impairment of 
market demand. 

In the northwestern Kentucky fields of Ohio, Hancock, Daviess, 
McLean, Henderson and Webster Counties, 72 new gas wells were com- 
pleted during the year, with a combined initial open flow of 70,000,000 
cu. ft. of gas. The producing sands range from middle Mississippian to 
middle Pennsylvanian in age. Most of the production comes from the 
Barlow, Jones and Jett sands of the Chester series. 

In connection with the development of the Bates Knob oil field, 
southwest of Livermore, in McLean County, considerable gas has been 
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developed. This structure is a faulted anticline and has proved to be a 
large producer of gas from both the Chester sands and the Pottsville sand. 
One well in the Jett sand (Tar Springs) at 1220 ft. had an open flow of 
21,000,000 cu. ft. Three wells on this structure had open flows of 
13,000,000, 8,000,000 and 4,000,000 cu. ft., respectively, from the Potts- 
ville sand, which was found at depths from 750 to 790 feet. 


Oil and Gas Development in North Louisiana 
By BrensamMin C. Crarr,* Memper A.I.M.E. 


A REVIEW of development in North Louisiana during 1936 centers 
around the Rodessa field, in Caddo Parish. Continued extension of the 


TABLE 1.—Oil and Gas Production in North Louisiana 


Total Oil 
Area Proved, Acres Production, 
Bbl. 
Yoni 
Field, Parish t 9 and es 
be of 1936 c To End of 
Oil and Gas Total 
q cut 1936 
Z 
g 
cal So Sees oe ee ee ee ee 
Ib|:- Caddo, Caddolies.. tures cia tetote a diore aie a ottieipters olorenaots 33 32,500 0} 15,040 | 47,540 | 149,243,405 
2| Red River, Bull Bayou, De Soto, Red River............ 23 11,000 0} 3,300 | 14,300} 56,278,525 
3 | Lake Bisteneau, Bienville.........0cseccccceveccccces 21 0 0 600 600 
4.) Bim Grove, Caddo Bossier, . cones. os co ccee uecleewes es 21 320 0} 14,600 | 14,920 3,193,625 
5 | Monroe, Morehouse, Ouachita, Union..........-2.+.05+ 21 0 0) 123,340 | 123,340 
6 | Bethamy?, Waskam?, Caddo............0cceeeeeeeeee 21 0 1) ae & ,800 
0. | EROmOS Clasborne so ict cs ac<sin,ajar0is Winialeraiite/aisieioishertugselaies 18 0} 3,024 0 3,024 | 66,399,875 
8'| Haynesville, Claiborne... fee gee os aces a clans acwecceen 16 0| 7,480 0 7,480 | 66,626,015 
© | Shongaloa) Wabatetins c.ctasaseteicien cs talanoe menace oak 16 70 0} 5,680 5,750 101,900 
10} Bellevue; -Bosaters..:icrawis'v-istarels siatersieets es aias'erntelees 16 1,360 0 160 1,520} 11,637,300 
UL Sli y Boater: :. isin wage e pinisic ce eee enwiee oe we umetisenrens 15 20 0} 4,400 4,420 20,005 
12 | Spring Hill, Sarepta, Bossier, Webster................- 15 570 0} 1,120 1,690 1,386,575 
13 tton Valley, Welstéentccccce cect cece hoectec rete. 15 3,900 0} 2,700 6,600 | 14,860,430 
14} Carterville, Botaierc vscucrt oes cant etude cee ru ceeets 13 720 0} 2,720 3,440 1,450,150 
15| Urania, Winn, Grant, LaSalle.............ceceecevnee 12 3,700 0 0 3,700 | 21,250,495 
16) Righland, Wehlandtot cae ca rcs cook ae hee ene ll 0 0} 49,280 | 49,280 
17 | Pleasant Hill, Sabine, DeSoto..........cccecceecevees 10 800 0 0 800 1,435,900 
185i ZwollenSapines yea sucks raed cits Menorah cou e saad nt 9 64,0008 0 0 | 64,0008) 12,911,140 
19 oon , Hast &. West Carroll, oc. cccccesseceeseesee eve 9 0 0} 1,200 1,200 
20 te Sulphur Springs, La Salle..............0ce0ceee 9 80 0 0 80 12,290 
QUI ROU gs PAQSODO: .s ccxzrcualon cig letareigte:s.eaiprsisie sittaca ad eek 7 80 0 0 80 857,440 
Oo | ROGGABAAD CHAD crate ass dato tats snis citieine ota ataces Wher 7 5,518 0} 3,100 8,618 | 20,485,305 
23 \|, Bugar Crock, Clsbornd... cuss ce ccrckawenveeeene pan 6 0 0} 2,800 2,800 
28 | Clay tony COMCOTIG, gr. vios's td sialerus aie vnlg'sisiee eines bales 6 0 0 60 60 
ZB i CONPSLSE, NAUUNSER eA cm awine bias snk Ne suiroaus eed aie mole 5 1,600 0 0 1,600 1,438,105 
26; BastherkitiDeSotol< cca ewe clare eroeteants.ocoh antares 2 0 0 50 50 
24 EUSTON, TANGDIE Gs Ricsivaed tsion ee #5 Vekea Atanas eek 2 0 0 100 100 
otal day aviccwewteeten skew eee pane peta eeck 126,238 | 10,504| 232,050 | 368,792 | 429,588,480 


@ Footnotes to column heads and explanation of gyabols are given on page 291. 
1 Includes the following districts: Cedar Grove, Shreveport, Jeems Bayou, Trees City, Monterey, Harts Ferry, Ferry 
Lake, Mooring Port, Gilliam, Pine Island, Vivian, Dixie and Blanchard. 
2 Includes the part of each field in Louisiana and the Greenwood area. 
3 Scattered production over 64,000 acres. 
4 Louisiana side. 


Manuscript received at the office of the Institute March 23, 1937. 
* Associate Professor of Petroleum Engineering, Louisiana State University, 
Baton Rouge, La. 
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field into Cass County, Texas, and new completions on the northeast end 
of the field point to further development during 1937. The search for 
Glen Rose and Travis Peak production on the geophysical prospects 
resulted in the discovery of three new fields and the proving of new 
producing horizons in seven of the old fields. 

During the year, 346 oil wells, 109 gas wells, and 78 dry holes were 
completed, as compared with 144 oil wells and 68 gas wells during 1935. 
The North Louisiana oil production was 26,771,145 bbl. as compared 
with 9,616,405 bbl. during 1935, an increase of 17,154,740 bbl. or 178 
per cent. 


New Fie.ps 


Arcadia.—A new gas-producing area was discovered in Bienville 
Parish when Lide, Greer and Marr’s Davis Lumber Co. No. 1, sec. 12, 
16 N., 5 W., Bienville Parish, tested 71,000,000 cu. ft. of wet gas from 
what is probably the equivalent of the Hill sand in Rodessa. The well 


TaBieE 1.—(Continued) 


Total Oil Production, Bbl. Sei are Number of Oil and/or Gas Wells 
During At End of 1936 
= 1936 
o mH 
S| During During | To End | During] During] S| Ss . 
| 1935 1936 [5.2 | of 1936 | 1935 | 1936 | 52/35 | -y |e |ZE| w,| wd vz| 2 
2 <p Zul ss | 8 | 8 |£0/8s8)-s #8 s 
4 pry Bo Asle5g] a] 3 }ae150/38/s9!] 23 
| es BS/ 8a) 8 | 8 |8e/Sa|Sa/83| $8 
4a Slits Se uo Oboe lela (aera | oe 
1} 2,481,445 | 2,381,065) 6,550} 135,106} 1,947/ 1,643] 6 3,838] 28 0 2 | 1,164) 0 8] 1,212 
2 514,715 501,460} 1,365 62,553] 1,385} 1,824) 4.5} 1,249] 3 9] 10 67| 0 34) 201 
3 10 
4 145,555 145,520) 345) 220,253) 2,188) 1,925] 6 249; 0 0 0 36] 0 45} 81 
5 2,061,510} 181,698) 205,252|640 1,060}. 94 | 11] 100 0) 0 938} 938 
6 6,467 841 454| 2 67; 0 2 0 0} 0 5 5 
7 969,485 944,090} 2,570 y 84 104; 0.3) 627) O 0 1| 364) 0 365 
8} 1,272,125 | 1,215,215} 3,145 y 895} 1,062) 3 766} O OP Lia s25)) 0 0} 325 
9 6,890 5,980} 213 70,631 151 147| 0.5 91; +O 1 0 2| 0 6 8 
10 212,215 228,575 715 2,220 79 45] 0.1 366) 8 0 ON Lit—=<0 1} 112 
11 20,005) 105 5 4,910} 8,757) 32 Ole 2%, 0 2 2) 0 42) 44 
12 130,465 119,435) 334 25,527 35 24) 0.1 43) 0 0 0 12} 0 1 13 
13 153,685 191,320} 840 73,348] 1,768} 2,057) 9 279| 1 2 0 72) 0 31} 103 
14 59,470 51,825 109 16,968 0 13) 0.1 133} 0 3 7 41} 0 0} 41 
15| 1,084,965 | 1,012,595) 2,750 5 0 0} 0 463} 14 0 4] 213) 0 0} 213 
16 434,057) 21,450) 12,218) 46 284, O} 42 6 0} 0 109} 109 
17 64,360 56,265) 145 58) 1 0 4 32} 0 0} 32 
18 626,080 407,090} 890 311 1 10 9 63] 0 0} «63 
19] 2,300 173) 1,377) 7 . 5) 0 0 0 0} 0 4 4 
20 0 0 0 12} 0 0 0 0| 0 0 0 
21 57,480 51,695} 145 14, 0 0 0 7| 0 0 7 
2| 1,411,890 | 19,073,415) 56,860 88,087| 22,346) 42,412/173 328) 266 0 8 | 277) 0 79| 356 
93 26,875} 5,716) 5,466) 17 13) 2 0 A) 0} 0 12 12 
24 11 0 0) 0 Le- 0 0 0 0} 0 0 0 
25| 425,580 365,595} 875. 144} 20 0 8 80} 0 0| 80 
2 103 103} 0.5 Lin 0 1 0. 1 1 
27 279 279) 4 2) 1 0 0 2 2 
9,616,405 | 26,771,145) 78,056] 3,226,300) 245,616] 284,662)951.1) 10,487) 446 | 81 | 173 | 2,968 1,359} 4,327 


5 Included with Elm Grove. 
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was drilled to 6144 ft. but production was obtained from 5867 to 5883 ft. 
At the above rate of flow, the tubing pressure was 580 lb. and the closed-in 
pressure was reported as 2340. 

Sibley.—J. P. Evans Crichton No. 1, sec. 35, 18 N., 9 W., Webster 
Parish, was the discovery well for the Sibley structure. The open-flow 
capacity was estimated at 80,000,000 cu. ft. per day. When tested 
through a 1-in. choke, the production was 113 bbl. of distillate and 
10,000,000 cu. ft. of gas. The well was completed at 5589 ft. with 
production coming from the equivalent of the Hill sand. 


TaBLE 1.—(Continued) 


. Oil Production Methods Character of Oil, Approx. 
Depth, Average in Feet at End of 1936 Average during 1936 
Character of Gas, 
Ape Average 
Z luring 1936 
Number of Wells Gravity A.P.I. at - 
60° F. 
.. | Bottoms of | To Top of ° 
8 | Productive Productive Be oe Gal 
g Nas Ps Flow- | Pump- | Gas-| Air- | 8 5 5 g 3 & 5 S =F * | Gasoline 
Z ing | ing | lift | itt 28] 8 | 2 BES) s | oP, | perM 
2 $8/ 3) & skies; s | OP) ou re 
4 a=) 3 | a ee a 
1 | 2,0676 7 0 | 1,164] 0 0 | G | 25-46} 14-26/38 [0.5 | A,P 926 0.2212 
2 823-2,648| 787-2,600 0 167 0 0 G | 41.5 | 40 41 (0.25 P y 0 
3,577 
3 | 2,018-2,553] 1,993-2,544 
4 1,6458 1,6218 0 36 | 0 0 32 28 |30 |0.40) M 1,025 0.1518 
5 2,205 2,145 1,017 0.13 
6 1,823 1,7189 = 0.24 
7 | 1,345-2,065] 1,280-2,040 0 364 | 0 0 | G | 38 35 |36 0.80} P 3,300 154 
8 | 2,805-4,844| 2,790-4,559 0 325 | 0 0 |G 35 32/33 ~|0.40} _ P 1,100 1.50 
9 2,680 2,665 0 2) 0 0 30 28 |29 10.35) M 971 0 
10} 370-1,035} 360-1,010 0 WU lati) 0 | G | 20 19 |19.2/0.80) <A 970 0.34 
1,815 1,790 
11 10 10 2 0}; 0 0 40.4 | 40.2 |40.3]y P| 972-1,057) 0 
0.24 
12 2,691 2,686 0 12°41" 0 0 28 25 =|26 =|0.32) M _ | 994-1,046) 0.07 
3,063-3,165] 3,059-3,143 0.33 
13 | 2,547-4,652] 2,532-4,350 1 we 0 0 30-52 | 29-48 |31 /0.25) M, P | 866-1,004) 1.5 
0.07 
14 | 3,085-3,170) 3,080-3,143 0 41 | 0 0 44 38 {41 |0.27) P | 994-1,046) 0.33 
15 1,536 1,529 0 204 | 0 9 22 19 |20.5/0.30) <A 
16 2,447 2,34911 1,060 0.34 
17 3,237 3,175 0 32 | 0 0 42 38 |40 |0.30]/ P 
18 2,440 2,280 0 638 | 0 0 45.5 | 38 |40 |0.10) P 
19 2,344 2,336 998 0 
20 804 794 
21 2,851 2,838 0 joa Pea) 0 45 38 |41 0.22; P 
22 | 5,676-6,014| 5,560-5,891} 269 4| 4 0 47 42 |45 10.10] P 1,060 0.50 
0.40 
23 4,420 4,314 1,125 0.56 
24 1,438 1,415 984 0 
25 | 1,922-3,232) 1,617-3,150 0 80 |} 0 0 46 42 |43 |0.15} P 
26 2,841 2,818 y y 
27 | 5,297-6,570| 5,270-y y y 
272 | 2,683 | 4 9 


6 Average depth of all wells completed. 

7 Productive horizons and average depth to top of horizons are as follows: Nacatoch, 1000 ft.; Buckrange, 1823 ft.; Tokio, 
2260 ft.; Trinity, 3647 ft. 
Pht ian bottoms of wells and tops of productive zones are as follows: 840-804 ft.; 1556-1548; 1915-1896 and 2496— 

9 Also produces from contact of Upper and Lower Cretaceous, contact of Washita and Fredericksburg, Glen Rose and 
lower Glen Rose. The producing horizons are found at the following average depths: Nacatoch sand, 1000 ft.; Buckrange, 
1950; 2300-ft. horizon, 2250-2350; Adams sand, 2600-2700; Augurs 2900-3000; 3100-3200 and 3300 ft. sands; 1st lower 
Glen Rose horizon, 4645 ft.; 2d Glen Rose horizon, 4697 ft. 

10 Producing horizons: 845-883 ft., 1710-1745 ft., 2445-2480 ft., 2750-ft. sand, 4108-4275 ft.; and 5040-5200 ft. 

11 One well completed in Glen Rose at 2936 ft. 

12 Saturation in Blanchard area. 

18 Gasoline content bad oe from deep horizon; gas from other sands is dry. 

14 Produces casinghead gas. 
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Claiborne Parish.—Completion of E. T. Oakes et al., Patton Estate 
No. 2, sec. 1, 20 N., 5 W., Claiborne Parish, resulted in the major dis- 
covery of the year. The discovery well was completed in the lower 
Glen Rose, flowing 192 bbl. of 38° A.P.I. gravity oil per day through 
a 11¢9-in. choke from a depth of 5379 feet. 


New SAnpbs 


The first oil production for the Sligo field, Bossier Parish, which 
formerly has produced gas from several horizons, was discovered by 
United Gas Public Service Company’s Shannal F-1, sec. 26, 17 N. , 12 W. 
The well was completed flowing 480 bbl. of 40° A.P.I. oil per day through 
a °64-in. choke with 300 lb. pressure in the tubing and 800 lb. on the 
casing. Production is from the Lower Glen Rose at 5201 feet. 

First production from the Travis Peak below the Glen Rose was 
discovered by Lide and Greer’s Simmie Gardner No. 1, sec. 10, 17 N., 


TABLE 1.—(Continued) 


; Deepest Zone Tested 
Producing Rock tp End of 1936 
~e 
wy 
a8 
>) oO 
he Ly 2 & ian] © 
2 Name Ages 4 | a: | es 2 38 Name 
g by iE o.e oS yet eens 
~~ a = OO 3 maw Of, 
e z 2g S| 8 eae as 
g Ss =e |b iiee||l a ae as 
4 5 & jaa] & |Z6F an 
1|7 CreU, CreL|} C,S Pors|16) |) A 902) L. Trinity 6,351 
2] Basal CreU Glen Rose, Nocatoch, 
“Chalk Rock” CreU, CreL iS) Por | 19 | AF 309| Glen Rose 6,141 
3 | Ozan, Tokio CreU 8 Por 35 | D: 11| CreL 3,002 
4 Nacatoch, Ozan, Tokio CreU Sy Por 8 x 42) CreL 5,382 
5 | “Monroe Gas Rock’’ CreU LS 23-7 50] A 101} Glen Rose 4,155 
6 | Nacatoch, Buckrange CreU, CreL| 8,L Por {120} A 53] Glen Rose 3,575 
7 | Nacatoch, Buckrange!® CreU 5 Por | 63 | DF 196} Glen Rose 4,504 
8 | Buckrange, Glen Rose CreU, CreL 5 Por | 25-|- A 61] Glen Rose 5,092 
9 | Buckrange CreU 5 Por | 12} A 26} Glen Rose 4,750 
10 | Nacatoch, Buckrange, L. Glen Rose CreU, CreL Ny Por 8 | DF 109) L. Trinity 6,137 
11] Nacatoch, Buckrange, Tokio, Freder- ‘ 
icksburg, Glen Rose CreU, CreL SL Por |100 | D 7| Travis Peak 5,696 
12 | Buckrange, Tokio CreU S Por, |) 11) A 19] Glen Rose 5,120 
13 | Buckrange, Travis Peak, Glen Rose CreU, CreL.| SAS | 27-24} 11] A 26| Travis Peak 8,556 
14 | Buckrange, Tokio CreU s Por | 16} A 49) Trinity 3,476 
15 | Cane River-Wilcox Contact Eoc 8 Por 9 | MU 152| Tokio — 6,463 
16 | Tokio “Monroe Gas Rock,’ Glen Rose] CreU, CreL| 5,LS | Por | 76) A 39] L. Trinity? 8,943 Dr 
17 | Washita CreL C,S Por | 16} A 25}) Glen Rose 5,063 
18 | Saratoga, Marlbrook, Anona, Ozan CreU 8 Por 8 | AF 414| Glen Rose 7,155 
19 | ‘Monroe Gas Rock’ CreU LS Por 8] D 10] Glen Rose!” 3,142 
20 | Basal Jackson Koc s Por 9 | NF 8} Wilcox, 2,435 
21 | Eagle Ford CreU iS) Por | 12 | N 27| Fredericksburg | 3,373 
22 | Lower Glen Rose CreL LS Por | 25 | AF 18] L. Trinity 6,715 
23 | Glen Rose, Travis Peak CreL L Por | 20) A 14| Travis Peak? 8,616 
24] Basal Jackson Hoe ) Por | 25 | N 6} Wilcox 3,705 
25| Nacatoch, Saratoga, Anona, Ozan, 
Washita CreU, CreL| M,C,S} Por | 10} D 65] Glen Rose 4,433 
26 | y y S’ | Por | 25 | AL 0} y 2,841 
27| Glen Rose, Travis Peak CreL L Por | 25 |A j ae Glen Rose 6,575 


15 Goes also under name of Oakes sand or Haynesville sand. ih 
16 Dry holes drilled in fields and those drilled in defining producing limits. 


17 Abandoned in igneous rock. 


388 


OIL AND GAS DEVELOPMENT IN NORTH LOUISIANA 


4 W., Lincoln Parish, which was completed flowing 67,000,000 cu. ft. 


of wet gas per day from a total depth of 6576 ft. 
proved productive at Cotton Valley and Blanchard. 


This horizon has also 


The important discoveries in the old fields are listed in Table 2. 


TABLE 2.—Summary of Drilling Operations in North Louisiana 


Important Wildcats Drilled in 1936 


Location 
Total 
Parish, Field Sec. | Twp. | Ree. Deptt. esate 
Survey | Lat. Long. 
Jy | Bossier, Sligoteojnc ss sloass «sealants heats 17 A7'N.. tL WE 5199 | Pleistocene 
2 | Claiborne, Sugar Creek 7 19 N. 5 W. 5811 | Claiborne 
3 | Caddo, Rodessa.. . 8 23N. | 15 W. 6107 | Claiborne 
4 | Caddo, Blanchard... 16 18 N. 16 W. 5911 | Wilcox 
5 | Webster, Cotton Valle 23 21N. | 10 W. 5556 | Claiborne 
6 3} Bossier; Sligotvae oe sere foracscsnaieaaeep ane 26 17N. 12 W. 5201 | Pleistocene 
7; «| Bietiville, LalcanBisten edu cic seiersre tree cree ira a1 aratetate Steere ecto 15 16 N. 10 W. 5236 | Pleistocene 
Sil Dingoly, aston Syne oe ike ais iattc<ataiaroce sas ae eras cs teaver 10 17N. 4W. 6575 | Pleistocene 
Important Wildcats Drilled in 1936 
Tnitial re sae a re per 
ata! Choke or - 

Deepest: Bean, 

Horizon Drilled by P Fractions Remarks 

Tested Oil, Gas, of 

U.S. | Millions} Joh | Casing | Tubing 
Bbl. Cu. Ft. 

1 |L. Glen Rose Producers 0. & G. Co. 190 12 y 2110 2150 | N.S. 5044-5199 ft. 
2 | Travis Peak Sugar Creek Syn. 23 5 y 2310 y | N.S. 5407-5811 ft. 
3 | Glen Rose-Hill | Blackwell 0. & G. Co. 105 y 3416 100 1900 | NS.y 
4 | Travis Peak United Gas & Pyramid | Wet Gas 3 0.T. 2260 NS. y 
5 | Travis Peak Ohio Oil Co. 480 5 36 2000 1750 | N.S. 5536-5552 ft. 
6 | L. Glen Rose United Gas 480 564 800 300 | First Oil Prod. Sligo 
7 |. Glen Rose De Soto Oil & Gas Co. | Wet Gas 15 OT? y y | N.S. 5190-5235 ft. 
8 | Travis Peak Lide & Greer Wet Gas 67 y 2900 y |NSvy 


In Proven Fields 


Number of wells drilling Dec. 31, 1986..............ccceceuees 59 
Number of oil wells completed during 1936.................0005 345 
Number of gas wells completed during 1936................000 106 
Number of dry holes completed during 1936..............00000 33 
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Oil and Gas Development in South Louisiana 


By Bengamin C. Crarr,* Memper A.I.M.E. 


OPERATIONS on the Louisiana Gulf Coast during 1936 resulted in the 
discovery of five new fields and the proving of flank production or new 
sands on 12 of the older fields. This district gained the rank as the 
outstanding deep-drilling region of the world. At the close of the year, 
10 wells had been drilled beyond 10,000 ft. One of the most important 


TaBLE 1.—Oiul and Gas Production in South Louisiana 


Total Oil 
Area Proved, Acres eeeeesets 
1. 


ees 
4 : ears 
Field, Parish to En d = 
| of 1936 : To End of 
Oil | and | Gas | Total 
q Cag 1936 
a 
g 
3 
All Semmes eA COAL? ree the ares 2 oe esa ey cscs are stray crave a saatpapelttaseocys 2 36 235 0 0 235 | 52,303,708 
Di PAmse aL DUtbesnSteall Ghia kcees areish ccc Ser aemes apn wm ctnre’s 35 25 0 0 25 821,610 
SAAWelshy Gh ergot DOUG. rae crea «ial clal ura eis -icielesioia\e'* 34 50 0 0 50 608,435 
MO METTUASEIS CO SLCTIESOLE | rec ve cn wiciMh a eJaveca love hele wselaisi aga e ciprove:8 27 265 0 0 265 | 42,072,307 
[sii Be Vizaiy Rod OTIC a ete = 5 eta ari ae eaters Otc Se, Oe rena are ean 20 215 0 0 215 8,877,175 
Gi|' Pine Prairie. Bvangeline.. oo ....s0.02- cece es cetera cece se ccaae 25 10 0 0 10 20,000 
MAI ELOUTIA A ETTCOONNEL Mia: ciake 2is/6.ctae Asters viz, Helo lols sicis dinleia ate 25 0 0} 720 720 
Sl Bayow Bouillon, St Marti... 20s scene oe cee rece vise vires 21 20 0 0 20 384,483 
OWING WH Darin MUUCTEOD <n nhac catia. tne eanice eee eee sib nalice aie es oe 20 50 0 0 50 2,493,139 
MO sock porta Galea stOW treme tet. elects innlelonelarascstcestencese ole cle sates 13 270 0 0 270} 13,662,285 
TOWNS eid aha Oh arts Ps, er Or Ami ee CMR NEED Oo OAL CTS AT eo eee ae 12 50 0 0 50 2,211,363 
TAN (Shu bol ten ler A VA escent aeae ori to GOGoCOen are Jay nae Bon 11 50 0 0 50 9,870,106 
at leweet lakes Camerdnume serine vom. atth ait ean ete ats sttonsatals il 250 0 0 250 3,157,909 
HATE Atese Ola tL UEriae nets) cerets as cronies cismieiean tiettsteeictcleve 10 10 0 0 10 31,726 
Tock Perrys: CAMEL ON:,. vacinys cee ode ens csteueis salem ee aa acared si 9 80 0 0 80 2,449,294 
16i|pBasteHackberry, Cameroissccnes -s. sede. oelene sens ene 9 140 0 0 140} 15,444,837 
MN OUrERLO MA SCENELON.. mee cies ay. rejects (elete nase laes lh sein ee 1aat ish ciats 9 20 0 0 20 719,695 
AS At Wihite Castlon 1 bervule nner see terstelem tis sie siajeieierete a. sreclars) 0 8 50 0 0 50 1,776,240 
LON MOLL DArres Sts Lanarynn cbina ie ete Sieve «stoic yin ieee cele 8 75. 0 0 75 6,156,932 
POnMMOoe Mnkey Lenrevonnese. hale eee <i aensiae wrasse ss siete ns 8 20 0 0 20 471,658 
21 | Bayou Blue, Iberville.......... =i 8 30 0 0 30 61,837 
22 | Black Bayou, Cameron........... 8 30 0 0 30 3,384,190 
23 | Lake Pelto, Terrebonne...........-... 8 20 0 0 20 254,958 
24 | Lake Barre, Terrebonne.............--. 8 100 0 0 100| 13,728,488 
25 | Caillou Island, Terrebonne.........-...... 7 100 0 0 100] 10,556,425 
26'| Cameron Meadows, Cameron.......-.......-- 6 40 0 0 40 3,442,297 
DTA MOWOGUAW nL DETULUE s ois. = alatese\cjesetebeicceie steve estos tee vane 6 20 0 0 20 1,288,890 
28 | Lake Washington, Plaguemims............--.-.--..- 6 200 0 0 200 1,637,353 
D0: | Mieeville, PafOurCheinte)- carts welders Hom eltle leisy cee ene ie 6 210 0 0 210} 14,473,281 
30 | Iowa, Calcasieu-Jefferson Davis..........2..00 eee cece cence 6 0} 1,000 0} 1,000} 23,069,594 
SCID ALLO Wa eA GCENSLON cre)ecays.cie eye's i<)e eisicleleVeselote’s's|eleVelel=\alcie’e's/eirls/0\e/s/« 5 75 0 0 75 806,823 


2 Footnotes for column heads and explanation of symbols are given on page 291. 


Manuscript received at the office of the Institute March 23, 1937. 
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deep tests is Continental Oil Company’s Hebert No. 1, sec. 20, 12 8., 3 E, 
Vermilion Parish, which was drilled to 12,216 ft. and which holds the 
casing depth record with 5 in. cemented at 11,795 ft. Early tests have 
indicated that the well will be completed as a wet gasser. 

During the year the introduction of retarded or slow-setting cements 
has resulted in satisfactory cementing operations in the deep and high- 
temperature areas. 

The total oil production for South Louisiana during 1936 was 52,968,- 
632 bbl., as compared with 40,874,084 bbl. during 1935, an increase of 
29.5 per cent. There were 262 oil and gas wells and 135 dry holes com- 
pleted during 1936 as compared with 222 oil and gas wells and 128 dry 
holes during the previous period. 

Despite a record year in 1936, the year of 1937 looms as an even 
greater one from a development standpoint, as drilling will be continued 
on a great many of the geophysical prospects and in new fields. 


New FIewps 
Bayou Mallet.—The Bayou Mallet field was discovered by the Superior 
Oil Producing Company’s and Woodley Petroleum Company’s G. Bradley 


TaBLE 1.—(Continued) 


Total Oil Production, Bbl. toe Ge eet Number of Oil and/or Gas Wells 
During 1936 At End of 1936 
Du & 2 

i ring During | & . ‘3 st 
& 1935 1936 | 88 OS been »6 ° 

FI Be | 3 g2izs | 3 | F esl ealesize| 2 
5 “ oI w |grleZz | & S |5A\-ss ts 36| 3 
4 Eo Bo Be a=) ge Sge| & 3 (82) 50 /39|5 32 
hy mEno!] Ao |-s8 BS |kS|guUS g Ha| Sa SEIS $ 
a S35 | o% | BS] 2% [S8lsse| Ss | & lea eS i283 5\3e 
rs A ae 1A aS oO } S RFA A aoe 

1 | 668,054} 806,446 | 2,696 0 | o} 82 52 
2 17,798 19,700 53 en ee 4 
3 15,638 11,962 27 o | 3] 14 14 
4 | 912,959 | 6521347 | 1,562 4 | 8| 73 723 
5 85,511 69,081 | ‘189 Vo | Blake 14 

6 0 0 0 

7 0 0 0 

8 0 11,589 0 11, 0.10 beet. 1 
9 | 583,947 | 1,773,125 | 12,762 6 | o | of} 19 19 
10 | 651,119 | '473,422 | 1/631 14 3. \cd)eat 21 
11 | 193,397 | 183,134] 625 2 1. ot Watt 19 
12 | 945,935 | 1,760,376} 4,963 Fi] Ohad BS 67 
13 | 407,726 | '351,984] ‘915 OT CO" hele 6 
14 0 0 0 
15 | 164,185) 189,620] — 937 4] 0o.| 3] 22 29 
16 | 2,425,928 | 2,969,047 | 8,771 5 |, chal oicde 47 
17 47,397 | ‘139,071 | 273 3: 1-01) 2 ieee 2 
18 | 208,988] 332,588 | 1,750 2 100 iah.3 8 
19 | 1,316,489 | 836.411 | 1874 4] 6.) 395.90 29 
20 35,037 | 229,308 | "865 eo ry ee 2 
21 0 0 0 
22 | 568,320} 1,086,952 | 3,020 71 OU) Siig 18 
23 35,133 60,903 | 132 1 get haan nm 1 
24 | 2,833,396 | 2,534,433 | 5,650 4| 0} 3} 22 22 
25 | 3,325,211 | 5,519,712 | 16,913 13 | 0 | o| 24 24 
26 | 1,056,100 | 1,829,798 | 4/411 144 |.0 | 8| 29 29 
27 | ‘275,255 | '351,516| ‘992 a Me a 7 
28 | 501,207} 432,009 | 1,153 Go) of haat ul 
29 | 4,820,093 | 4,596,027 | 14’241 B14 yes fee 86 
30 | 7,346,529 | 6,568,936 | 17,400| 9,343} 4,509] 4,556| 14.6 4-| 8 | 4 50 50 
31 | 264,987] 525,997 | 1,700 Ral Osea Lee 4 
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TaBLE 1.—(Continued) 
renee ree eee greet ee ee Tee te ee en 


Depth cA verano in eet Oil Production Methods Character of Oil, Approx. 
Pp 8 at End of 1936 Average during 1936 
Character of Gas, 
Approx. Average 
, during 1936 
Number of Wells Gravity A.P.I. at 60° F. 
Bottoms of | To Top of 
3 enre eromeste = 
ells one = 12% Gal. 
g Flow- | Pump- | Gas- | Air- ae g g Ze q B.t.u. | Gasoline 
z ing | ing | lift | lift }S&| & sea | 35 ante per M. 
E Belg |B | BE Bs | [OP ore 
5 ga) s S |e |e" 138 
1 1,944 1,8331 hes 43 4 26-34 .5/21-34.5] 28 OUT At 
2 1,506 1,3512 4 24 22 | 23 0.387) A 
3 1,158 1,148 14 22.6) 22 | 22.3) 0.15 | A 
: ee a 73 32 20 | 29.4] 0.30] A 
, 5 14 22 
6} 1,269 1,200 meicre ahs Sclte 
uf 2,469 2,448 
ge ae 7 
K 2,3986 15 4 24.9] 24.9) 24.9] 0.26) A 
10 4,558 4,5337 9 9 3 41 23 | 33 0:12) A 
11 2,272 2,2248 3 16 32 18 25 0.30 | A 
12 4,160 4,1369 16 35 13 36 19 | 26 0.31) A 
13 6,284 6,26210 4 2 32 29 | 28.5 | 0.12] A 
14 1,170 1,137 
15 3,331 3,296 2 20 32 19 | 20 0.37 | A 
16 3,700 3,66812 18 29 G 32 20 | 28 0.44) A 
17 | 1,639-4,351]1,624—4,338 2 31 26 | 28 0.38 | A 
18 | 5,188-5,836|5,170-5,70018 4 1 3 26.5| 24.2! 25 0.36] A 
19 3,407 3,36814 29 Sarai 2pm eee 0.33 | A 
20 | 1,068-7,125)1,056-7,101 2 38.5] 38.5) 38.5 | 0.22] A 
21 2,319 2,26215 
22 4,535 4,44616 10 4 4 23.8] 18 | 21 Osa aims: 
23 | 1,373-6,270|1,274-6,248 1 34.3 34.3] 34.3 | 0.55 |] A 
24 1 38,7777 16 3 3 35.5 33 34 0.32] A 
25 4,555 4,51018 24 34 Sooo 0.26 | A 
26 4,113 4,08019 12 17 41 Yul weve TOR eA. 
27 3,107 3,05220 3 4 29.6 26.4) 28.2-| 0.15 | -A 
28 1,154 1,135 11 19 18 18.5 | 0.73 | A 
29 3,729 3,66021 21 58 7 29.2 22.9) 26 0.40 | A 
30 6,941 6,92022 49 1 49.7 25.4) 41 0.37 | M | 1,102 0.50 
31 23 23 3 1 41.6 34.1) 37 0.12] A 


1 Production obtained from following zones: 1515-2075 ft.; 3915-4330 ft.; 5480-5530 ft.; 6360-6375 ft.; 7300-7392 ft.; 
7525-7545 ft.; 7683-7803 ft.; and 8600-8760 ft. 
2 Production obtained from following zones: 400-760 ft.; 1380-1535 ft.; and 1645-1890 ft. 
3 Production obtained from following zones: 1100-1170 ft.; 1510-2150 ft.; 2050-2440 ft.; 2600-2800 ft.; 2915-3272 ft.; 
and 3395-3665 ft. j 
4 Production obtained from following horizons: 1060-1558 ft.; 2314-2355 ft.; 2655-2795 ft.; 2890-2920 ft.; 3095-3205 ft. ; 
3100-3264 ft.; 3405-3650 ft., 3680-3740 ft.; 3910-4055 ft. 
5 Production obtained from following horizons: 410-450 ft.; 3025-3210 ft.; 3235-3360 ft.; and 4284-4341 ft. 
6 pontine zones: 1008-1070 ft.; 1665-1710 ft.; 2690-2855 ft.; 3805-3828 ft.; 4476-4500 ft.; 4592 ft., 4650-4737 ft.; 
5385-5401 ft. 
7 Producing zones: 1000-1095 ft.; 2960-3237; 3385-3400; 3620-3875; 4315-4435; 4705-4924; 5100-5665; 5970-5985; and 
6445-6623 ft.; and 6687-6737 ft. 
8 Producing zones: 535-570 ft., 746-910; 1205-1240 C.R.; 1080-1278 Sd.; 2300-2315 ft.; 3000-3020; 3400-8420; 3690- 
8721; 4175-4288; 4436-4481; 4759-4795 ft. } 
9 Producing zones: 2760-2950; 3150-3575; 3985-4200; 4300-4525; 4775-5175; and 5325-5700 ft. 
10 Producing zones: 5170-5195; 5632-5718; 5900-5925; 6795-6815; and 7335-7387 ft. 
11 Producing zones: 3010-3400; 3810-3975; and 4275-4350 ft. 
12 Producing zones: 2610-3100; 3900-4015; 5990-6140; and 7232-7242 ft. 
13 Producing zones: 5170-5188; 5700-6042; 6546-6559; 8894-8902: and 8925-8942 ft. 
14 Producing zones: 3150-3200; 3320-3420; 3542-3568; and 3710-3717; 4867-4883 ft. 
15 Producing zones: 1710-1735; 1900-2300; and 3575-3590 ft. 
16 Producing zones: 965-980; 4380-4520; 5080-5220; and 6615-6630 ft. 
17 Production from sands between 3650 and 4080 ft. 
18 Producing zones: 3206-3243; 3965-4006; 5980-6030; and 6829-6842 ft. 
19 Producing zones: 3310-3375; 3510-3580; 3770-3850; 3904-4100; 4243-4259; 4325-4410; and 5263-5273 ft. 
20 Producing zones: 2030-2050; 2410-2560; 2880-2900; 4100-4400; 4515-4581; and 5413-5473 ft. 
21 Oil and/or gas produced from sands found at the following average depths: 2800-3000; 3300-3560, 3670, 3760, 3837, 
4200, 4400, and 4980-5047 ft. ; 
22 Production obtained from sands found at the following average depths: 4515, 5135, 5585, 6525, 6935. Most wells 
have been deepened to or completed in the zone of 6935 ft. 
23 Producing zones: 4008-4035; 4820-4827; 5488-5513; 5669-5686 ft.; and 5822-5836 ft. 
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No. 1, sec. 51, 7S., 1 E., Acadia Parish. On the first 24-hr. gauge, the 
well made 325 bbl. of 28° A.P.I. oil per day through a 34¢-in. choke, with 
a 500-lb. tubing pressure from Heterostegina sands found from 6385 to 
6397 ft. Earlier in the year, the same operators completed Adam Smith 
No. 1, sec. 14, 78., 1 E., as a wet gas well. The initial production was 
3 million feet of gas and 20 bbl. of distillate per day through a 7%»-in. 
choke with a 2375-lb. tubing pressure. The well was plugged back from 
8387 ft. and completed in the Marginulina sand at 7198 feet. 
Charenton.—Completion of a producing well by Mike Hogg et al. 
opened up the second new field on the Louisiana Gulf Coast. The dis- 
covery well, Lawes Realty Company No. 1, sec. 30, 13 S., 10 E., St. Mary 
Parish, was completed flowing 515 bbl. of 35° A.P.I. oil per day through 


TaBie 1.—(Continued) 


Producing Rock ee oe 
No 
be} > 
_ a8 
-3 Fae Depth of 
& Name Age gm A pe Name Hole, 
a} ° BA]. [sds Feet 
g © 1 6 ee toe te ae 
Zz 3 |#)8e| 2 less 
@ 2] els] 3 ECE 
a o & 
_ Ole lat] a zoe 
1| “Fleming” Marginulina Mio S | Por 55 | DS | 112 | Vicksburg 8,903 
2 | Citronelle “Fleming” Jack — Mio,} § Por 35 | DS | 79 | Jackson 1,500%8 
OC 
3 | Pli-Mio contact ae | 2 Mio S | Por 8/} D 43 | Vicksburg 6,017 
4| PliL, “Fleming” Discorbis, Marginulina} Pli, Mio 8 Por 90 | DS | 203 | Jackson 6,553 
5} PliL Pli 8 Por} 130} DS | 89 | Jackson 8,414 
6 | ‘Fleming’ Mio S | Por} 30] DS| 31 | “Fleming” 5,112 
7 Upper arine Mio Mio i) Por 10} D 13 | Mio 5,645 
8 | Fleming” Mio S | Por| 28] DS} 43 | Vicksburg 3,91029 
9 | PIL, ““Fleming”’ Pli, Mio iS) Por 46| DS} 438 | MioL 7,934 
10 “Fleming” Heterostegina Mio 8 Por} 100} D 18 | Marginulina 7,902 
11 | PliL cap rock “Fleming” MioL Pli, Mio S | Por} 40] DS} 58 | Jacksons 7,207 
12 | “Fleming,” Heterostegina Mio 8 Por} 120} DS | 40 | Mio 9,25031 
13 | “Fleming”’ Mio 8 Por 40 | DS 7 | Mio | 8,070 
14 | “Fleming” Mio § Por 7/DS | 18 | ‘Fleming’ 5,119 
15 | “Fleming” Mio 8 Por 85 | DS | 111 | Jackson?0 3,42432 
16 | ‘‘Fleming”’ Mio 8 Por 65 | DS | 72 | Claiborne 6,96338 
17 | Cap rock, Vicksburg z, Olig A,S| Por| 45] DS | 26 Vicksburg. 5,72534 
18 | “‘Fleming”’ Mio S | Por 30 | DS 5 | “Fleming” 8,942 
19 | Marginulina Mio S | Por 35 | DS | 29 | Heterostegina 4,883 
20 | PliL Plio S | Por] 12] DS] 15 | MioU 7,128 : 
21 | “Fleming” Mio | S | Por 20} DS} 11 | “Fleming” 6,103 ' 
22 | Cap rock MioU Heterostegina x, Mio L,S | Por} 120] DS | 2435] Marginulina 6,20086 
23 | Upper Marine Mio Mio 8 Por 55 | DS | 9 Mio 7,039 
24 | Upper Marine Mio Mio S | Por 75 | DS | 16 | MioU 8,063Dr 
25 | Upper Marine Mio Mio 8 | Por} 90] DS | 14 | MioU 6,017 
26 eming”’ Mio 8 Por 40 | DS 7 | MioU 9,331 
27 | “Fleming”’ Mio | 8 Por 40 | DS 1637 | ‘‘Fleming”’ 6,290 
28 rs aay Cap Sand x, Plio L, 8 | Por 26 | DS | 30 | Mio 5,86038 
29 Upper Marine M Mio § Por} 120} DS} 20 | MioU 7,30031 
30 | “Fleming” ‘Heterostegina Marginulina | Mio 8 | Por 53 | D 10 | Vicksburg 9,161 
31 | Upper Marine Mio Mio 8 | Por 34| DS | 15 ioU 6,901 


28 Deepest well abandoned at 6204 ft. in the Miocene. 


2” Deepest well abandoned at 6471 ft. in lower Miocene. 


30 Abandoned in heaving shale. 

31 Abandoned in salt, 

32 Deepest well abandoned at 7834 ft. 
33 Deepest well abandoned at 8384 ft. 


34 Deepest well abandoned at 6565 ft. 
36 Includes seven sulphur tests 

% Deepest test abandoned at 6905 ft. 
37 Includes eight sulphur tests. 

38 Abandoned in salt at 6179 ft. 

Dr., drilling. 
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a ¢6-in. choke with a tubing pressure of 775 lb., producing from Miocene 
sand at 7210 feet. 

South Jennings.—In September 1936, Stanolind Oil and Gas Co. 
completed its Caleasieu National Bank No. 1, sec. 15, 10 8., 3 W., Jeffer- 
son Davis Parish, for an initial production of 120 bbl. of distillate and 
3 million cubic feet of gas per day through a 34¢-in. choke with tubing 
pressure of 3200 lb. The well was plugged back from 9944 ft. to 8900 ft. 
and is producing from lower Miocene sand found from 8634 to 
8648 feet. 

Cankton.—Superior Oil Producing Co. developed Miocene production 
in its Savoie No. 1, sec. 26, 8 S., 3 E., St. Landry Parish. The well was 
drilled to 9428 ft. into the Frio, but failing to find deeper sands was 
plugged back and completed through perforations from 5316 to 5323 ft. 
The initial production was 65 bbl. per day through a 11¢4-in. choke with 
a tubing pressure of 2100 lb. and a casing pressure of 2150. 

Valentine—Completion in December by Pan-American Production 
Co. and Barnsdall Oil Co. of a producing well at Valentine, Lafourche 
Parish, opened up the fifth and most important new field. The discovery 
well, Harang No. 1, sec. 7, 17 8., 20 E., was completed flowing 480 bbl. of 
34° A.P.I. oil per day through a 14-in. choke with a tubing pressure of 
2100 lb. and a casing pressure of 2150 1b. Production is from Shoal River 
sand found from 6930 to 6950 ft. Three previous tests drilled on the 
structure were dry holes. 


TaBLe 1.—(Continued) 


Total Oil 
Area Proved, Acres Production, 
Bbl. 
Age, 
Field, Parish oe i 
i of 1988 Oil | and | Gas | Total aotee of 
I Gas 
= 
4 
8 
ca is 
COA Ie etry cane chat ae ice aces CCR ROT 5 50 0 0 50 632,034 
33 De Lins ae Tesh See etc Oh AD TR, Phe ihc ea 3 1,250 0} 0 | 1,250} 12,011,208 
34 | Lake Hermitage, Plaquemines.............0..00seceeeeueenee 3 25 0 0 25 94,222 
Bb | ROanOkes JePersOly DGS =05 6.02eu <~ ve sve elaa ests bsp aeitian ae 3 500 0} Oj} 500} 4,118,663 
36 | Four Isle, Terrebonne...... Be bac es oaeiey oe cee Be aaa 3 20 0 0 20 90,452 
SHINGLE AIA R TCA ae MRED Se CR cele a Beene Ae Mais ote ae 3 400 0} Of 400) 7,822,034 
38 | Lafitte, TEER IGE: Getta BAR ey aban Oe Cape Oe te eae aia 2 100 0} OO} 100} 3,369,398 
39 Tepetate, marie Pee ete ee: ae A eee ee pate SATS ose ae 2 500 0; Oj; 50 1,604,649 
A BUIC,) UB DUCES sso) ate S 0 cl sareorep ee lniainleynra © ebetsye © Ficia =r eyes olals\ 2 0 50 0 50 174,074 
41 | St. ie pane SPM arlttite aint tines iisic cera eee ceria 2 0 50 0 50 329,687 
AD | Veaneretitey Ste. MLO0Y soc v sicieins ele cies cles nlelcieinnitivisisigisisia' cia 2 150 0 0 150 996,336 
43 | Garden Island Bay UE LAquelii es tema Nain seek eek rs yrietare 2 40 0 Oo; 40 363,189 
AA CHATETLOD) AFOUFCNE x arctore ase/erm) cic oF © alanis 0/2) =t= nislecSlovaee esstallos~ = 1 10 0| 0 10 16,709 
45 | Big Lake, Cameron... 0... 0000 neers tacsecensreceesernenece 1 10 0; 0 10 a 
46 | Bayou Mallet, Acadia... ........---- secre eee eee eee eee ee 1 60 0; 10 70 5,431 
Scorn ti ba, a otatesdea nies orc eerste teseyale ie eachsteolategses == yetetacesounveresesscorays]e a0 5,825 | 1,100 | 780 | 7,655 | 267,363,054 


a 
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TABLE 1.—(Continued) 


Total Oil Production, Bbl. eed wap nce Number of Oil and/or Gas Wells 
During 1936 At End of 1936 
2 
3 During During | &.. Bo = 

1935 1936 | 85 Ass 3 lee bes wo 
a oe acigs | B | & feel e>lpalea| 2 
<w |g iw | » |axlee_| 8 | s (sa ssiscfsol_s 
a Sol Fo |fo| ao | 88 \SGo| 2 ZS las! 50/50/35 \-3 
PES | Ao |-eo3| “Boo E|gaa| g 8 |l\gZ\BalSzisgisge 
g 5a | ‘52 |5S| BS | a5/8 os] 8B S |8S) cs logiesioe 

3 ei Rat Ng ical (femal yep (be A Steal | ce = | hated - eel (=i (-? el 
32 82,747 60,026 14 5 0 0 1 3 3 
33 6,371,715 | 4,577,615 | 10,252) 4,800 4,800 | 21 69 0 0 7 58 58 
34 0,853 22, 3 2 0 0 3 3 
35 1,619,562 | 2,260,365 5,649 rye 12 0 3 23 23 
36 59,020 11,018 251| 10 Op) eOs| ee 1 
37 | 2,094,750 | 5,678,922 | 16,986 57 | 23 ODIO FEF 57 
38 644,944 | 2,724,454 | 9,646 Ril eS OcinO ll. 88 8 
39 131,764 | 1,472,885 5,388 40 35 0 2 38 38 
40 8,919 165,155 337| 1,936] 111} 1,825] 6.3] 5] 4 Dee Oahsaad 5 
41 28,352 301,335 698 73) Wt 63] Kora ses OT Ras 1 
42 2,814 993,522 | 4,540 11] 11 0-07 11 11 
43 52,305 310,884 216 4 3 0 2 3 3 
44 0 16,709 0 1 1 0 1 0 0 
45 0 1,853 5 81 Sie. ez |\ewt 1 On ON Pe 1 
46 0 55,431 236 259 259| 1.5 4 4 0 0 4 4 
40,874,084 | 52,968,632 | 159,682] 16,492 | 4,731) 11,574 | 44.4) 2,367 | 247 23 85 | 818 | 50 868 


| Line Number 


. . Oil Production Methods Character of Oil, Approx. 
Depth, Average in Feet at End of 1936 Average during 1936 
Character of Gas, 
Approx. Average 
during 1936 
Number of Wells Gravity A.P.I. at 60°F. 
Bottoms of | To Top of 
Productive Vetaig = E Gal 
Wells one Flow-| Pump-|Gas-| Air- [a's| g 38 u2 B.t.u. | Gasoline 
ing ing | lift | lift |.3& | melee | oe Wed Ft per M 
BS E 2S | a5 2 "| Cu. Ft. 
A} = = Bw 1S 18 
3,972 3,92424 2 1 27.5) 27.1) 27.3 | 0.12 | A 
26 25 29 29 G 45.6) 36 | 38.5|0.17| M 
26 26 3 82.1) 32.1] 82.1] 0.06] A 
8,477 8,45427 21 2 38.4) 37 | 38 0.10 | M 
5,642 5,512 1 44.5] 44.3) 44.4] 0.18 | M : 
39 39 53 4 G 34.1] 34.1) 34.1 | 0.68 | A 
40 40 8 35 35 | 385 0.19) A 
8,315 8,275 38 44.5) 32 | 37 0.34 | M 
0.30} A} 1,146 | 0.75 
0.21 | A} 1,019 | 0.03 
0.31 | M 
0.25| A 
y M 
y P 
y M 


24 Producing zones: 
25 Producing zones: 
26 Producing zones: 
27 Producing zones: 
39 Producing zones: 
40 Producing zones: 
41 Producing zones: 
42 Producing zones: 


3450-3555; 3890-4300; and 4820-4850 ft. 

7760-7830; 8050-8090; 8420-8500; 8620-8700; 8750-8800; 9004-9024; and 9018-9028 ft. 
3176-3191; 4257-4269; and 4640-4646 ft 

7796-7918; 8660-8682; 8814-8830; and 9314-9345 ft. 

5156-5180° 5258 -5272; 6413-6419; 6710-6767; 7005-7085; 7368-7377; and 9242-9246 ft. 
9396-9440; 9555-9575; and 9912-9968 ft. 

6630-6660; 6725-6735; 7010-7055; and 7478-7498 ft. 

4450-4480; 4601-4616; 4885-4895; and 4915-4930 ft. 
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OTHER DEVELOPMENTS 


The presence of a salt dome in the Lake Mongouloi area was proved 
when the Texas Company Lake Mongouloi No. 1, sec. 10,98., 9 E., was 
drilled into salt at 7540 feet. 

The Shell Petroleum Corporation proved the Hester prospect when 
its Colonial Sugars No. 1, sec. 5, 12 S., 5 E., was completed in salt at 
7522 feet. 

New sands were found at Darrow, Ascension Parish; Bayou Mallet, 
Acadia Parish; Gillis, Calcasieu Parish; Caillou Island, Terrebonne 
Parish; Jeanerette, St. Mary Parish; Leeville, Lafourche Parish; Jennings, 
Acadia Parish; New Iberia, Iberia Parish; Lake Hermitage, Plaquemines 
Parish; St. Martinville, St. Martin Parish; Port Barre, St. Landry Parish; 
Lafitte, Jefferson Parish. 

The discovery wells of the new sands are listed in Table 2. 
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. Deepest Zone Tested 
Producing Rock oe 4 of 1936 
os 
an 
a2 
ge & | Depth of 
be Name Ages or DS Name Hole, 
2 eS HA | . \Sde Feet 
=| S| B/S) § lyse 
5 o | #/As| 2 isos 
4 & BO ES ieee eae) 
z 2 | 3 |34) 2 esa 
3 2) Ay | n |G 
“Fleming” __ | Mio S | Por} 31] DS} 10 | Discorbis 9,545 
a Discorbia, Heterostegina, Marginulina | Mio § Por 90 | D 10 | Vicksburg 10,005 
34 | Upper Marine Mio Mio S| Por 15| DS} 15 |MioU | 6,472 
35 | Heterostegina, Marginulina Mio § Por 50 | D 51 | Marginulina 10,750 
36 | Upper Marine Mio Mio S Por 28 | DS 12 |MioU | 6,923 
37 | Marginulina Mio SS) Por 15| D 14 | Marginulina 9,246 
38 | Miocene Mio ) Por 45 | D 0 | Miocene 10,932Dr 
39 | Marginulina Mio S Por 35 | D 6 | Vicksburg | 9,000 
40 | Cockfield Koc SS) Por 10} D 0 | Cook Mountain | 6,838 
41 | Shoal River Mio 5 Por 25 | D 4 | Miocene 8,739 
42 | Upper Marine Mio Mio Sie Bor 20-|, D 2 | Miocene 9,602 
43 | Upper Marine Mio Mio $ Por 15 | DS | 12 | Miocene 5,651 
44 | Miocene Mio s Por 10} D 1 | Miocene | 7,210 
45 | Miocene Mio S Por 20" 2D 1 | Heterostegina 9,501 
46 | Heterostegina Mio S | Por 201 D 2 | Frio 8,404 
1,367 
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Tasie 2.—Summary of Drilling Operations in South Louisiana 
eee 


Important Wildcats Drilled in 1936 


Location 
Total 
Parish, ield Sec. Twp. . | Depth, 
Ft. 
Survey | Lat. 

1 | Ascension, Darrow...........s+s+005 30 108. 2E. 5838 
2 | Acadia, Bayou Mallet............. -| 651 78. 1E. 7208 
3 u\Calossieg, Gulie ccs. on cswonererenmietens 5 11 958. 8 W. 5267 
4 | Terrebonne, Caillou Island.......... . 19 238. | 205. 6862 
Be Stearns J CAREC Es corte a. 9.0: <enapiessicrctais oa ; 40 13 8. 9E. 6665 
6 | Plaquemines, Garden Island................-. 37 238. | 335. 4635 
7. | Tafourche: Lisettlesesce oases oewiaseen ace notaries z 27 21S. 22 E. 5058 
8 || Acadia, Bayou Malleton 2.0 ccctamce seats es sae : 14 78. 1E. 6400 
Q* | Acadian Jennings caccutcet iad ccileloanstslatniass . 42 98. 2W. 6380 
10° | |\WberiaseN ew Thera’ acess cata stare ines esis pale ; 71 128. 7E. 6737 
11 | Plaquemines, Lake Hermitage : il 18 S. 25 E. 4646 
12: | Arcadia Jenningésa hae ceseo cave Nets reo ee amen . 40 95S. 2W. 7545 
13° "| :Bt;. Mary yo eaner ete ciscc. = 5. c mate nc settee case, rein diateges cites siete s 38 13 S. 9 E. 7055 
14° St. Martine Si Martineilés...cte s~-ce eects ean an tg secees = 1. a8 11S. 6E. 7353 
15°} Acadia® Sennstgs cco tis:aschoiso<aiee eles La eieiel oe ee imaetaials Ft pate ae ae 42 958. 2 W. 6448 
16):'|\Theris, New Iberia. ccawee.aats calead tacts tolde ate seco ek ‘ 54 128. 7E. 4742 
17° | St. Landry, Port Batrter: eicccccusecnde fe ptelanes 4 658. 5 E. 3604 
18] Calonsiou: (Gulia Saou Mee. te sho Sots cece aterapla eh acai terete : 13 98. 8W. 7377 
1Gal'Jeferapn, Lafitte... fct. cones tcc asiaac thease aes ell ee 178. | 24E. 9455 
90: | Jeserson, Ltiittes. = 28. ou tite peace MeaGhee eee ek tae ek oe eaten 20 178. | 24E. 9974 


Important Wildcats Drilled in 1936 


Thitial Produc- Pressure, Lb. 
tion per Day | Choke per Sq. In 
SSeS or 
Surface . Bean, 
Wemon Drilled by Oil, Tiraptned Remarks 
U. of an Casing | Tubing 
Inch 


1 | Recent Miocene | Humble O. & R. Co. 4 1175 625 | N.S. 5822-5836 
2 | Recent Marginulina —_ | Superior-Woodley 564 650 350 | N.S. 6995-7005 
3 | Recent Marginulina | Fohs Oil Co. 36 600 460 | N.S. 5258-5272 
4 | Recent Miocene The Texas Co. 3g 1120 | N.S. 6829-6842 
5 | Recent Miocene Herton Oil Co. 6 1000 1000 | N.S. 6640-6660 
6 | Recent Miocene The Texas Co. & 570 | N.S. 4601-4616 
7 | Recent Miocene | The Texas Co. 16 590 | N.S. 4980-5047 
8 | Recent Heterostegina | Superior-Woodley 1364 525 500 | N.S. 6385-6390 
9 | Recent Marginulina Superior 1164 1360 125 | N.S. 6362-6377 
10 | Recent Miocene The Texas Co. 4% 600 | N.S. 6687-6737 
11 | Recent Miocene Gulf Ref. Co 4 400 | N.S. 4640-4646 
12 | Recent Marginulina Shell Pet. Corp. 1464 2925 2650 | N.S. 7524-7545 
13 | Recent Miocene Herton Oil Co, 4 1100 | N.S. 7010-7055 
14 | Recent Miocene Continental a 2050 675 y 
J5 | Recent Frio Superior 1264 850 | 1050 | N.S. 5480-5490 
. .S. 5510-55 
16 | Recent Miocene The Texas Co. \% 700 NS t70e-a740 
17 | Recent Miocene | Pan-American 1864 250 350 | N.S. 3542-3568 
18 | Recent Lower Miocene] Union Sulphur Co. \% 1120 | N.S. 7368-7377 
19 | Recent Miocene The Texas Co. 36 1480 | N.S. 9396-9439 
20 | Recent Miocene The Texas Co. y% 3160 | N.S, 9912-9968 


In Proven Fields | Wildcats 


Number of wells drilling Dec. 31, 1986..............e0eeeeeeeeees 69 29 
Number of oil wells completed during 1936................0.0.000- 251 4 


Number of dry holes completed during 1936................ 0-000 90 45 


—s 


Oil and Gas in Michigan during 1936 


By Turron Wasson,* Memper A.I.M.E. 


DuRING 1936 the state of Michigan produced 11,868,573 bbl. 
approximately 4,000,000 bbl. less than produced in 1935. 


This is 
The principle 


reason for the decrease in production over the previous year was the 
rapid decline of the Crystal field, which reached its peak in October 
1935. The old producing area—Mt. Pleasant, Porter, Yost-Clark— 
accounted for over 7,000,000 bbl. during 1936. Crystal produced a 


total of 2,400,000. 


Outstanding among the old fields were Vernon and 


TaBLE 1.—Ouzl and Gas Production in Michigan in 1936 


Area Proved, Acres 


Total Oil Production, Bbl. 


Field, County Daily 
Oil To End of | Duri nee shee 
} . mn uring uring age 
g Sa Ohm er ae | eo ebiegess: |). 1085 |) 1936 during 
g 3. Nov. 
Z SS 1936 
g Se 
ll < 
1 Saginaw, ISEOUNGAD era onisiciciehesesio tere 12 1,800 0 0} 1,800 | 1,245,317 27,198 23,940 50 
PM LAGIOL, Gralz0b vlan cneie.sen- ce ootis 10 0 0} 400) 400 0 0 0 0 
3 | Muskegon, Muskegon.............. 9 0 | 2,700 2,700 | 6,429,945) 101,988 91,324] 220 
4| Mt. Pleasant, Midland, Isabella.....| 9 0 | 8,800 0) 8,800 | 19,115,075} 1,219,064] 1,006,746] 2,700 
PGA tON ML EGDCHE  oartoeBoe avis di ceriers 7 1,800 0 160} 1,960 1,703,990 285,153 233,114) 560 
Gilpvernion, [sabellay sai. vet cave «aveis0ie.s 7 1,100 0 880} 1,980 | 3,131,488 633,361 463,044) 1,340 
Wi |, Claren Clare sens techicqces «ss baemne 7 0 0} 300) 300 0 0 0 0 
8 | Broomfield, Isabella............... 7 0 0} 4,100} 4,100 0 0 0 0 
9 | Porter-Yost, Midland.............. 5 0 | 8,100 0} 8,100 | 26,462,732) 9,191,860} 6,225,557| 14,600 
LO} pElar ts Oceana Acct cies eisai ciecoores 4 1 0 0 0 116,275 279 0 0 
11 | West Branch, Ogemaw............. 3 4,800 0 0) 4,800 | 1,432,455 523,969 764,580| 2,420 
12 | Edmore, Montcalm................ 3 0 160 0 160 292,524 107,447 80,816 185 
13 | Big Rapids, Mecosia............... 3 0 0| 2,200} 2,200 0 0 0 0 
14 | Birch Run, Saginaw............... 2 260 0 0 260 99,747 35,588 63,608 145 
15 | Beaverton, Gladwin................ 2 480 0 0 480 307,228 23,487 283,741 850 
16 | Crystal, Montcalm.............2+++ 1,900 200} 200] 2,300 | 6,031,509] 3,605,264) 2,426,245) 2,800 
17 | Six Lakes, Mecosta, Montcalm....... 2 0 0} 10,000] 10,000 0 0 0 0 
18 | New Haven, Gratiot................ 0 0} 2,400] 2,400 0 0 0 0 
19 | Buckeye, Gladwin...............4: 1%) 1,000z 0 0} 1,000z 9,756 0 9,756 70 
20 | Ravenna, Muskegon.............+: % 0 0} 2,200] 2,200 0 0 0 0 
21 | Sherman, [sabella..............+++- | 1,000z 0 0} 1,000z 22,454 175 21,913) 310 
22 | Clayton, Arenac....... - aay poe ZA 400 800 0} 1,200 58,759 0 58,759 525 
23 | Miscellaneous...4:.....0.. cscsee- 127,772 19,097 105,430 
24 A Otas eM ae signe thane eeatnciee 14,540 | 20,760] 22,840) 58,140 | 66,587,026} 15,784,930) 11,858,573 


2 Footnotes to column heads and explanation of symbols are given on page 291. 
1 Hart field discovery July 1932; abandoned in 1935. 


Manuscrip* received at the office of the Institute March 20, 1937. 
* Chief Geologist, The Pure Oil Co., Chicago, II. 
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Leaton!. The total production for all fields to the end of 1936 was 
66,587,000 bbl. Most of this production has come from thin pay zones 
in porous limestone and dolomite of Devonian age. 

During the year 820 new tests were drilled, of which 340 were oil 
wells, 209 gas wells and 271 dry holes. The total of 820 should be com- 
pared with 624 drilled in 1935 and 493 completed in 1934. While oil 
production for the first time showed a decline, gas production increased 
enormously because of development in the Six Lakes area of Mecosta and 
Montcalm Counties. On Jan. 1, 1936, Michigan had 209 producing gas 
wells. During the year 209 additional gas wells were completed. The 
combined open flow of the new wells drilled during 1936 was in excess of 
4 billion cubic feet, which is approximately five times the volume of all 
gas wells completed in preceding years. 

Tables 1 and 2 have been prepared with particular stress on the cor- 
rection of areas proven in the older fields, together with production data 
from those areas. In addition, Table 3 has been prepared for the 
State of Michigan, showing total production by years by pools. Since 


TaBLeE 1.—(Continued) 


Total Gas Production, . Depth, Average | Oil Production Methods 
Millions Cu. Ft. Number of Oil and/or Gas Wells Ot Feet at End of 1936 
During Number of 
1936 At End of 1936 Wells 
ee ite Bottoms| To Top 
, Bels 3 Produe-| Prod g 
1D o |QL|+ ba m roduc- oduc- 2 
ais | 2 | 2 lsSig_./3/2/S5| em leylee] 2] ft | ES | nom ae 
2) Ze | 2 | 2 \ee/38/ 4/2 | 82 | Ss [ES/ES|_3 | Vo | “our | Plowine| Pumping ee 
i . gM cael a S 
g)22| 5 | 2 GSles| 2 | 2 [gal es Es iea| Ze BS 
4A/s STJOC;O |< je] An [A Fla le fA] 
1 0 0 0} O} 282) oO; 11] O 65 
2 4 0 0; 0 3} 0] O| 38 0 
3 | 6,395} 407} 263) 10} 411 0} 15) 0 85 
4] 1,528} 857) 671) 15 429} 16) 49] 1 100y 62 
5 | 7,737; 20) 67) 5& 80) 16 6} 0 61 
6 277; 298) 124) 6 88} 8) 3] 0 45 
7} 1,019) 36) 241) 15 tO OF 0. 0 
8 | 4,300] 1,265) 877) 3 54 1 2) 0 0 
8 | 2,718) 1,575} 911) 37 | 483) 96) 38) 0 373 
10 0 0| 0 OF. 0. O12 0 0 
11 0 0 0} 0 194) 92) 18) 0 169 
12 12} 1 13} 4 1; 0 8 
13 1,167] 57 27| 11 5] 0 0 
14 0} 0 27 7 #3] 0 24 
15 0} 0 45) 25 7| 0 22 
16 143} 4] 217) 125) 68) 0 134 
Us 2,167) 19 222) 162} 11] 0 0 
18 179} 19 33] 33 1) 0 0 
19 0; 0 3] 3 0} 0 3 
20 41} 1 6} 6} OO} 0 0 
21 ae Cams a | 2 
22 0} 0 2 1 0; 0 1 2 
23 0) 0 19} 18 3] 0 16 0 16 
6,816 2,648) 621} 242) 4 | 1,108 |243 | 393] 1,748 


1 See map showing location of fields, Trans. A.I.M.E. (1936) 118, 299. 
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in the past it has been necessary to estimate production for the month 
of December, there have always been slight corrections in order to make 
these data agree with the totals shown by the State Geological Survey. 
The State Survey in some cases makes a slightly different division of 
area between some of the old pools. Table 3 shows as nearly as possible 
correct figures for every year since oil production started in Michigan and 
shows the consistent development that has taken place since 1925. 


DISCOVERIES 


The most important discovery for the year was the Buckeye field in 
Buckeye township, Gladwin County, where the first well was drilled in 
July 1936. The oil here is from the Dundee lime of Devonian age. A 
great deal of drilling has started as a result of this test and Buckeye will 
be one of the important areas in 1937, and may be expected to raise the 
1937 yearly total to the 1935 level. 

A large producer from the Dundee was drilled in Clayton township, 
Arenac County. Since its discovery two more good wells have been 
completed in this area, which is on the old Ogemaw-Arenac structure. 


TaBLeE 1.—(Continued) 


Pressure, Character of Oil, h , Deepest Zone 
Lb. per Approx. Average | Character Producing Rock Tested to End 
Sq. In.4 during 1936 of Gas, of 1936 
rocdae 
Aver-| Gravity Eanes 
age at| A.P.I. at purine ae 
End of} 60° F 83 
= 8 pie 
5 2% Name Ages ae = p>e| Name 
E Aldiso! 2 Bw. 36 Bl 2 [Se e ByS ae 
Z\q |e lze|s0|, |e |S 3| 268| 2 Bs ae 
2 (d/elala le eeies|3 ia Gs B| Bisel 2 ECE ec 
= a Me, 2 
58 (2/2 S/S (E“e~|a |x? [6 = 5\ale"| & Bee ae 
1) a) a slyly i438 (0.7) P Berea MisL | § | Por] 16) A y | Sylvania | 3,970 
rl a) 0 Parma Pen | S/Por} 10 | MCy} 10 | Dundee | 3,100 
3] al vl sly | y |387 11.4] P | 1,082)1 Traverse Dev |L/|Por| 10} A 29 | St. Peters | 4,754 
Monroe D 
4 z| zi y|y \42 10.2 | P y\2 Dundee Dev |L|Por| 15) A 28 | Sylvania | 4,821 
5 1550] 2/395) y | y [48 10.4 | P yly Gas-Stray Mis | S/Por}] 3] A 25 | Monroe _ | 4,390 
Oil-Dundee Dev | L 5 
6 |575/395/310| y | y 44 10.5 | P| 1,046ly Gas-Stray Mis | S|Por| 5| Af 33. | Monroe | 3,700 
Oil-Monroe Dev | L 5 
7 |605|556|400 1,042)y Stray Mis |8|Por| 5} A 1 | Monroe | 4,055 
8 1550/365| y 1,060|y Stray-Marshall | Mis | S|Por} 5] A 19 | Monroe | 3,787 
9| a] zl zl y}]y \42 10.8) P y\2 undee Dey | L|Por| 15| A 32 | Monroe | 3,677 
10| zx} a) aly | y j84 |y P Traverse Dev |Lj|Por| 4] A 12 | Dundee | 2,407 
11] z| x] zl y|y (386 |0.3 | P Traverse Dev |L|Por}| 5| A 16 | Sylvania | 5,404 
Dundee Dev | L 15 
12/900} z| s| y|y |42 |y Pp yly Stray-Marshall | Mis | S 5 6 | Monroe | 3,700 
Traverse Dev | L/Por} 5 
13 1502/4838} 1,051/0.25| Stray-Marshall | Mis | S|Por| 10| A 9 | Monroe | 3,798 
14] «| 2} sly] y |43 |0.3| P Berea Mis |S|Por| 6] A 3 | Dundee | 2,733 
15| «| | zy | y |42 ly Pp Dundee Dev |L|Por| 15] A 7 | Dundee | 3,885 
16] z| z| | y | y |42.4)0.52) P |1,044ly Monroe Dev |D/|Por| 5] A 58 | Monroe | 3,496 
17 |515|515|475 1,040\y Stray-Marshall | Mis | S| Por| 25 | A 16 | Monroe | 3,529 
18 |448] y/425 1,000/y | Stray-Marshall | Mis | S|Por} 5] A 3 | Dundee | 3,536 
19| z z}y|y |36 ly P Dundee Dev | L/Por/ 12] A 2 | Dundee | 3,663 
20 |720 y 885|y | Berea? Mis . Por} 10} y 0 | Dundee | 2,306 
21| « a| y | y |47.8/0.39] P Monroe Dev |D|Por| 6] A 0 | Monroe | 3,763 
22\— & z| y | y |34 |0.69| P| 861ly Dundee Dev | L|Por| 20} A 0 | Dundee | 2,707 
Oo! cecil yg ah ig) | yy | y y yy) vy | ey y \y 4 
24 
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Big production in this area is due to the discovery of unusually well 
developed porosity in the Dundee limestone. 

Sherman township, Isabella County, developed new production from 
the upper Monroe. Four new producing wells have been drilled here to 
the end of the year. This oil development is a northern extension from 
the Broomfield gas area. 

Northwest of Vernon in Vernon township, Isabella County, a large 
producer was developed in the Monroe after treating with acid. Offset 
wells, however, did not prove as productive and illustrate the erratic 
conditions sometimes found with this type of dolomitic reservoir. 

An unimportant discovery was made in Winfield township, Montcalm 
County, early in December. The initial production was 25 bbl. and 
although the well is still averaging 30 bbl. a day no further development 
has taken place. 


Derr TEsts 


During 1936 wildcat operations were carried on in 45 counties of the 
Lower Peninsula and in one county of the upper Peninsula. The deepest 
test drilled during the year was in sec. 18, T. 32 N., R. 6 E., Alpena 
County. It reached a total depth of 5665 ft. and was finished as a dry 
hole in the St. Peter sand of Ordovician age. This test indicates the 
tendency to explore further north in the southern Peninsula. Another 
test in sec. 35, 7 N., 9 W., Kent County, reached a depth of 5575 ft., 
where it was abandoned as a dry hole in the Trenton limestone. An 
interesting test and deep stratigraphically was drilled in sec. 17, 44 N., 


TaBLe 2.—Summary of Drilling Operations in Michigan 
Important Wildcats Drilled in 1936 


Location 
Total Deepest 
Surface pes 
County Sec. Twp. Ree. Dea, Bicemneinn came 
Survey Lat. Long 

1 18 32 N. 6E. 5665 Pleistocene | St. Peters 

2 10 20 N. 4k. 1148 Pleistocene | Berea 

3 17 19 N. 4B. 2972 Pleistocene | Dundee 

4 3 20N. 4h. 2506 Pleistocene | Dundee 

5 20 12 N. 9 W. 3321 Pleistocene | Monroe 

6 25 18 N. 1W. 3670 Pleistocene | Dundee 

7 36 17 N. 2W. 3889 Pleistocene | Dundee 

8 ll 18 N. 1W. 3616 Pleistocene | Dundee 

9 8 16N. 4W. 393714 | Pleistocene | Dundee 
10 34 15 N. 6 W. 3619 Pleistocene | Upper Monroe 
ll 35 7N. 9 W. 5575 Pleistocene | Trenton 
12 26 65. 3 E. 1290 Pleistocene | Sylvania 
13 17 44N. 9 W. 1501 Pleistocene | St. Peters 
14 8 9N. 14 W. 1212 Pleistocene | Berea 
15 24 14 N. 7E. 2832 Pleistocene | Dundee 


——— 
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9 W., Mackinac County, in the northern Peninsula. 
St. Peter at 1501 feet. 


It was dry in the 


RECOVERY PER ACRE 


While recovery per acre, as indicated by the tables attached, is 
relatively low for the fields of Michigan some recent production statistics 
show how certain leases in these fields vary from the average. The 
Crystal field with 2100 proven acres will have an ultimate of about 
3500 bbl. per acre average for the field. One 40-acre lease in the Crystal 
field with four wells has produced 587,000 bbl., or 14,700 bbl. per acre. 
Another 36-acre lease with four wells has produced 617,000 bbl., or 17,100 
bbl. per acre. A number of leases in the Porter field that are still pro- 
ducing have already produced over 13,000 bbl. per acre. These figures 
illustrate the spotted conditions found in the fields of Michigan where 
production is from limestone and dolomite. 


Price or OIL 


On Jan. 1, 1936, the price paid for Michigan crude was $1.22 per 
barrel. This was raised to $1.32 on Jan. 15, where it remained until 
June 15, when it was raised to $1.42. On Sept. 16 it was reduced to $1.32 
and remained at that price to the end of the year. There was no pro- 
ration in Michigan during 1936. 


TaBLE 2.—(Continued) 
Important Wildcats Drilled in 1936 


Initial Production Pressure, Lb. per 
per Day Sq. In. 
Choke, 
Drilled by Fractions Remarks 
Oil ere of an In. } oe 
u illions Jasing ubing 
U. S. Bbl. (Gein 

1 | C. W. Teater 0 0 Dry hole. 

2 | McClanahan 0 6 y y Gas from Berea. 

3 | T. F. Caldwell 0 Vio y y Gas from Berea. 

4 | McClanahan 1150 0 y y Discovery well—Arenac 

5 | Daily Crude Oil Co. 21 % y Y Small oil well in Monroe. 

6 | Goll, Graves & Mechling 25 0 x z Discovery well, Buckeye. 

7 | Goll, Graves & Mechling 40 0 y Y. Discovery well, Crigano. 

8 | Wicklung Dev. Co. 1292 0 Ty y y North Ext. to Buckeye. 

9 | Chartiers Oil Co. ? 0 346 r x Extension to Vernon field. 
10 | The Pure Oil Co. 672 0 x 480 x Discovery well, Sherman. 
11 | Jas. E. Flanigan 0 0 £ x & Deep dry hole. . 
12 | Mott & Denman 0 % x x x Gas from Sylvania. 
13 |Chas. Van Keuren 0 0 x x x Test on Upper Peninsula. 
14 -| Muskegon Dev. Co. 0 4% x i x jee detd well, Ravenna gas 

eld. 

15 | Smith Petrol. Co. 8 0 x iz @ Small oil well. 


In Proven Fields Wildcats 
Number of wells drilling Dec. 31, 1936...................4. 51 68 
Number of oil wells completed during 1936.................. 329 11 
Number of gas wells completed during 1936.. 204 5 
Number of pe holes completed during 1936................. 90 181 
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MIscELLANEOUS 


The handling of salt water from fields of Michigan is a difficult 
problem. This is particularly true of pools like Crystal, where large 
amounts of salt water are handled. The State Geological Survey and the 
State Board of Conservation have helped operators in planning for salt- 
water disposal. 

The use of acid is standard practice in dolomite and lime wells and 
generally increases the initial production. 

A number of extensions have been made to the oil and gas pipe-line 
systems operating in the state. New gas lines have been constructed 
from the fields to the cities of Grand Rapids and Lansing. 

A very small amount of geophysical work has been done during the 
year and this was principally confined to electrical explorations. The 
deep glacial drift is the main hazard in geophysical investigations. 

One of the important publications of the year bearing on the gas fields 
of Michigan was ‘Extent and Availability of Natural Gas Reserves in 
Michigan Stray Sandstone Horizon of Central Michigan,” by E. L. 
Rawlins and M. A. Schellhardt. The geological map in that report was 
prepared by Miss Helen Martin for the State Geological Survey. 
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Oil and Gas Development in Mississippi during 1936 


By Henry N. Touer* 
(New York Meeting, February, 1937) 


O1n and gas development in Mississippi during 1936 was about the 
same as during the past three or four years, with less drilling activity in 
the proven fields; although at the end of the year there was a decided 
increase in interest and activity. 


JACKSON Gas FIELD 


Six wells were drilled in the Jackson gas field, three of which were 
producers and three dry holes. The gas production for 1936 was 12,968,- 
000,000 cu. ft., which is 2,500,000,000 cu. ft. more than for any previous 
year. The total gas production from the field to the end of 1936 has been 
58,092,000,000 cubic feet. 

Thirteen producing gas wells were abandoned during the year because 
of encroachment of salt water. At present there are 99 producing gas 
wells in the field. The three oil wells on the edge of the field, which had 
been producing, were not produced during 1936, although they are still 
capable of making some oil with much salt water. The rock pressure 
at the end of the year was 930 lb., which is a decline of 80 Ib. since the 
discovery of the field. 

In March of 1936, the State Legislature appropriated $115,000 to be 
used by the State Mineral Lease Commission in drilling some gas wells 


TaBLE 1.—Oil and Gas Production in Mississippi 


Area Proved, Acres Total Oil Production, Bbl. 
Age, 
Field, County tne! ae 
oy 7 ally 
of 1936 oj | Oil and Cae Total | To End | During | During | Average 


of 1936 | 1935 1936 Nov. 


me | Line Number 


Armory, Monroe............ il 0 0 640 640 0 0 0 
Jackson, Hinds and Rankin... 7 100 + 0 7,500 | 7,600 | 13,444] 2,240 0 


oo 


@ Footnotes to column heads and explanation of symbols are on page 291. 
Manuscript received at the office of the Institute Feb. 17, 1937. 
* State Oil and Gas Supervisor, Jackson, Miss. 
404 


HENRY N. TOLER 405 


and a deep test well on 1300 acres of land owned by the State in the 
Jackson gas field. 

The first gas well drilled blew out and was lost at 1100 ft., making an 
estimated 50,000,000 cu. ft. of gas per day. The second well drilled 
was 500 ft. from the blowout and was completed at the 1100-ft. level, 
making approximately 50,000,000 cu. ft. of gas and having a rock pres- 
sure of 480 lb. This well is now connected to the pipe line and produces 
approximately 1,000,000 cu. ft. of gas daily. It is interesting to note 
that this is the first gas to be encountered in the Jackson field at this 
depth and that this gas well was the first to be completed at this depth, 
which is the top of the Wilcox formation. There have been some differ- 
ences of opinion as to whether this gas occurs normally in the sand or is a 
stray gas that is entering the formation by leaks in casing from other 
wells in the vicinity. It is the opinion of the writer that this gas has 
migrated into the formation from other wells. In this connection, it 
might be noted that three wells in the field were found to be leaking and 
have been repaired. 

The normal producing horizon, which is Selma chalk, is encountered 
from 2400 to 2500 ft. The State also completed two gas wells at approxi- 
mately 2500 ft., from the Selma chalk, and three or four more gas wells 
are to be drilled on the property. The State is selling gas from these 
wells to the companies operating pipe lines out of the field. 

The State of Mississippi Fee No. 2, in the NW.14 of the NW.14 of 
sec. 25 T. 6 N., R. 1 E., which is the deep test on the State property, is 
drilling at 3300 ft. in sand and shale after penetrating two sills of igneous 
rock, one from 2945 to 3007 ft. and the other from 3026 to 3205 ft. The 
contract depth is 5500 ft. and if this well is carried to this depth, it will 
be the deepest well on top of the Jackson structure and will test for- 
mations much lower stratigraphically than have been tested before in the 
Jackson field. 

If the writer is correctly informed, Mississippi is the first state to drill 
its own property for oil and gas. 


TABLE 1.—(Continued) 


ei pod ie wale Number of Oil and/or Gas Wells i a 
Com: During 1936 At End of 1936 . 
pleted to as 
Mast | | ali 
To End | During | During * 1936 et a S 3 
g | of 1936 | 1935 | 1936 | pany. See JR ie eatrae: 
2 3 S | aE + eo wos, | oo 3 SB | 
g 18 S| 2 | #alex| sale | & | a8 
Z ra “g ge | 50] 5 Spey oe BS & @ 
3 B | 2 | ee |eaesiee| 21 Sh | Se 
| Sols Vee | oo eee | ent ae be 
686 94 36 V4 0 2 0 0 0 1 1 2,402 | 2,393 
2 58°00 10,291 | 12,968 54 139 13 3 0 0 99 99 2,436 | 2,426 
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Amory GaAs FIELD 


No wells were drilled in the Amory gas field during the year of 1936 
and the production continued to decline, only 36,000,000 cu. ft. of gas 
being produced during this year. The total production since the dis- 
covery of the field to date has been 1,686,000,000 cu. ft. of gas. Two of 
the wells that were producers went dead, leaving only one producing well 
in the field. This small field was discovered in 1926 and was the first 
production in the state. 


Activiry OutstipE PRovEeN FIELDS 


There were 11 wildcat wells abandoned during 1936, the deepest hole 
drilled being 5509 ft. The two most interesting wells of this group were 
the Charles Green et al. Foster Creek Lumber Co. No. 1, sec. 8 T. 3 N., R. 
1 E., Wilkinson County, which had a showing of oil slightly below 3800 ft. 
in the Cockfield formation, and the Kirby Petroleum Co. Lanehart No. 1, 
sec. 22 T. 1 N. R. 2 W., Wilkinson County, which had a showing of oil 
from 4572 to 4579 ft. in the Miocene formation. Although the shows in 
neither of these wells was for a commercial producer, it is significant to 
have showings in the same formations that produce in other states. 
Undoubtedly, if the proper structural conditions are found, these for- 
mations will produce in Mississippi also. 

At the end of the year seven wells were being drilled in the state and 
locations were made and derricks up for five others. The most interesting 
test being drilled is the Sun Oil Co. Scanlan and Semmes No. 1, 
sec. 28, T. 4 N., R. 15 W., Lamar County. This well started checking 
very high structurally on the upper formations and at 1650 ft. encoun- 
tered anhydrite, which continued to 2522 ft. where the well encountered 
salt, and is still drilling slightly below this depth. This is the first salt 
dome to be found in Mississippi and has created considerable excitement 
in the oil fraternity in this part of the country. 


TABLE 1.—(Continued) 


Deepest Zone 
Poco per Charenton Producing Rock Tested to End of 
of Gas, 1936 
- ‘ Approx. 
Average at hey | 
End of a 
is) 
irra 5 h. zi 
.. | Initial B Name Ages ge & m3] Name a] 
3 dz ad oy §.8 he~} Shae I 
g 1935 | 1936 |, | & & +4 {3el-e jee = 
a Fe] Se |ads)| 2 lesa 2 
z | 8é f) e /S8| § jee z 
=I pe; = ra » 
a ge a 5 & za é a Ss a 
1 680} 100 1,000 | Dry | Hartselle | Mis 8 10 8 MU 3 | Forty Payne} 3,045 
2] 1,010} 9438 930 945| Dry | Selma CreU Cc 30 15 D 53 | Trinity 4,027 
ee ee ae ee ee a ee a i ee ee Se leh Sell 


HENRY N. TOLER 407 


There were six geophysical parties in the state at the end of 1936, 
four in South Mississippi and two in Northwest Mississippi. In wcities 
to the shooting crews already in the state, it appears that several others 
will be sent into South Mississippi in search for more salt domes and 
other structures. 

Leasing activity continued about the same during 1936 as in the past 
few years, a number of blocks being assembled in several counties over 
the state. Several of the companies are adding to the leases they already 
hold in South Mississippi. 

As a result of the Sun Oil Company’s finding a salt dome in South 
Mississippi and of favorable indications found by other wells, Mississippi 
will perhaps see more exploration work in 1937 than in any previous year. 


TaBLE 2.—Summary of Drilling Operations in Mississippi 


Important Wildcats Drilled in 1936 


Location 
Total q Deepest 
Sec. | Twp. | Ree. Surface : : 
County Depth, * Horizon Drilled by Remarks 
ae Ft. Formation Tested 
Sur- 
aaa Lat. | Long 
Nol Jones \se-aten 31 7 N.|12 W.| 4080 | Hattiesburg | Wilcox crow his Petro- | Dry. 
eum Co. 
Delius ap ae ger + 3 4N./15 W.| 4062 | Hattiesburg | Wilcox Pe cee Petro- | Dry. 
eum Co. 
3 | Lafayette..... 9 1108 1 W.| 2465 | Wilcox Pennsylvanian | W. L. Stewart et al. | Dry. 
4 | Perry.... 26 1N.| 9W.| 3026 | Hattiesburg | Wilcox Fred Courson et al. | Dry. 
OF MOEBIGH. sees ecco ic 15 4N.| 2E. | 1965 | Vicksburg Wilcox ¥ J. Lewis Drilling | Dry. 
0. 
Warren....... 14 |14N.] 1E. | 1690 | Recent Sparta Harry W. Elliott etal.} Dry. 
: Weurven A eae 14 |14N.] 1E. | 3350 | Recent Wilcox Harry W. Elliottetal.| Dry. Show of 
gas. 
8 | Washington... 1 |14N.| 8W.| 3455 | Recent Cretaceous Mid-Continent De-| Dry. 
velopment Co. 
9 | Wilkinson..... 8 3N.| 15. | 5033 | Miocene Claiborne Charles Green et al. wt Show of 
oil. 
10 | Wilkinson..... 22 1N.| 2 W.] 5509 | Miocene Claiborne Kirby Petroleum Co. ip Show of 
3 oil. 
11 | Wilkinson..... 38 2N.| 3 W.]| 5026 | Miocene Claiborne T. 8. Stoneman Dry. 


pope ee be ees 6 eet A ee ee eS es ee 
In Proven Fields | Wildcats 


Number'of wells:drilling Dee:31, 1936000 0 oreo s oe ce 2» cig eT ee ns 
Number of oil wells completed during Oe CM Se a ae A cae SRE ee 
Number of gas wells completed during 1936............ 00. ..0.00eeeeeseees 
Number of dry holes completed during 1936.............. 06.00 eee ee eee ees 
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Oil and Gas in Missouri in 1936 


By Frank C. Greenre,* MemBer A.I.M.E. 
(New York Meeting, February, 1937) 

Drixuine for oil and gas in Missouri continued at a slightly lower 
rate than has been prevailing. A summary of operations for the past 
few years as compiled and published by the Missouri Geological Survey 
and Water Resources is as follows: 


TaBLE 1.—Oil and Gas Wells and Dry Holes Drilled in Missouri tn 1933-34 
and 1935-367 


1933-34 1935-36 
Initial Initial 
County oi | Produc- Ten pen : Produc- oe ier 
as | Dry | tion of Oil | Gas | Dry | tion of 
Oil Wells, Oil Wells, 
Bbl Cu. Ft. Bb. Cu. Ft 
Bates. 3.0. . <gieasiameians's dogs 1 431,000 
CO ee ee ie SORE RE ES 8 7 15 95 1,357,440 16 4 14 164 800,000 
Clay. 6.01015 saiaiees » piviewie'e nie 8 13 1,337,000 
Clinton. S.8.< sccranwatre oe uate 19 8 8,051,000 2 2 2,529,000 
MOBY sos cs sages > © ote aw waa 1 
JACKSON sciseuea te wo dgcataxe stain 2 55 58 5 15,401,616 17 38 58 42 12,003,968 
Platte? oo) cpa seis costars sakes 2 2 4 5 55,000 
Lotals: jo getesccn cere 10 90 01 100 26,578,256 | 35 46 78 211 15,387,968 


@ Missouri Geol, Survey and Water Resources, 59th Bien Rept. of State Geologist, App. VIII (1937). 


Two oil pools are being developed in Cass County. Neither area 
has been drilled completely, and detailed descriptions will not be given 
at this time. In the Endicott pool in the southern part of T. 44 N., 
R. 33 W., oil is found in the Warrensburg sand, which is now considered 
to be the Big Lake sand of eastern Kansas. The top of the sand is about 
125 ft. below the Hertha limestone. The best well is reported to have 
made 14 bbl. per day for the first four days. The oil is 30° to 32° Bé. 
gravity. This is the only pool in the state, aside from the older areas on 
the east and west edges of Lees Summit, Jackson County, that is produc- 
ing oil from the Warrensburg sand. Drilling continues in the Knoche 
pool in the central part of T. 46 N., R. 33 W., where the oil is found in the 
Squirrel sand. The oil produced by both these pools is sold by truck in 
Kansas City. 


Published with the permission of H. A. Buehler, State Geologist. Manuscript 
received at the office of the Institute Jan. 2, 1937. 
* Geologist, Missouri Geological Survey, Rolla, Mo. 
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In Jackson County additional wells were drilled in old pools in the 
vicinity of Martin City, T. 47 N., R. 33 W., the Unity pool in T. 48 N., 
R. 32 W., and the east Lees Summit pool in T. 47 N., R. 31 W. 

Oil was found in Platte County in sec. 7, T. 50 N., R. 33 W., in a 
producing horizon new to the state, but the development to date scarcely 
warrants designating the area an ‘‘oil pool,” as only two wells have been 
completed. The oil is found in a sand below the Lexington black shale, 
and is believed to be a sandy phase of the Upper Fort Scott limestone, and 
possibly the equivalent of the ‘‘Wheeler sand” of Oklahoma. The oil 
is 26° Bé. gravity. When the first well was completed, it flowed naturally 
without being shot. When placed on the pump it is reported to have 
made 414 bbl. per day for a 30-day test period. 

The main gas developments were in sec. 16, T. 49 N., R. 32 W., Jack- 
son County, where an initial daily output of 5,500,000 cu. ft. was found 
in the Squirrel sand, and in sec. 18, T. 55 N., R. 31 W., Clinton County, 
where a well obtained an initial daily output of 2,149,000 cu. ft. in the 
Squirrel sand. 


Oil and Gas Development in Montana for 1936 


By EuvaGene 8S. Prerry* 


THE most outstanding event in oil and gas development in Montana 
during 1936 was the discovery of oil in the Baker-Glendive gas field, in 
the extreme eastern part of the state. Other notable achievements were 
small extensions in the Cut Bank oil field; continued favorable results 
of acidization in the Kevin-Sunburst oil field; and the discovery of oil 
and gas in commercial quantities about 20 miles southwest of Billings, 
on what is known as the Mosser dome. Several wildcat wells were drilled. 
For the coming year of 1937, it is anticipated that the main activities 
will be confined to drilling in or near known fields. 

During 1936 Montana had seven fields producing oil, but over 95 per 
cent of oil production came from four fields, which in order of importance 
are: Cut Bank, Kevin-Sunburst, Cat Creek and Pondera. Total produc- 
tion for the state was 5,850,893 bbl., which is 1,251,761 bbl. more than 
the total for 1935. Natural gas was produced and marketed from eight 
fields, most important being Cut Bank, Baker-Glendive, Kevin-Sunburst 
and Dry Creek. These four fields accounted for over 85 per cent of 
total state gas production, which is slightly greater than the 1935 produc- 
tion of nearly 18 billion cubic feet. Increase in gas consumption is 
due in part to increase in smelter operation. More detailed information 
pertaining to the various fields is given in Table 1. 

In the Baker-Glendive field a test 8186 ft. deep, 15 miles southeast 
of Baker, was completed by the Montana-Dakota Utilities Co. in 1936. 
The first gas-bearing sandstone (Judith River horizon, Upper Cretaceous) 
was found at a depth of 528 ft., and a second sand at 1167 ft. Sandstones 
of the Dakota formation, in which occurred water, were found from 3724 
to 3853 ft. White sandstone correlated with the Tensleep (Minnelusa) 
formation of Pennsylvanian age was found from 5631 to 5751 ft. deep. 
The lower 1900 ft. of the well (below 6278 ft.) was essentially in lime- 
stone and dolomite, and information on correlation of formations in this 
mass of sediments is not available at this time. The upper portion of 
this part of the well contained much anhydrite. Cherty and dolomitic 
limestone below 7000 ft. may be equivalent to limestones of the Madison 
formation. The thickness of strata beneath the Dakota formation was 


Manuscript received at the office of the Institute April 16, 1937. 
* Chief Geologist, Montana Bureau of Mines and Geology, Butte, Mont. 
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much greater than was anticipated. This may be due in part to a thick- 
ening of the Sundance and Spearfish formations, but in part it is due to 
the presence of a group of strata of upper Mississippian age (Big Snowy 
group of Montana) not yet observed in the Black Hills area. 

A considerable amount of oil, unofficially reported to be several hun- 
dred barrels per day, was found in limestone between depths of 6500 and 
6800 ft. (about 6000 ft. beneath the main gas horizon). After heavy 
acidization much water appeared. Good showings of oil were found in 
the lower part of the hole, which was also acidized. Attempts to bring 
in the well as a commercial producer are being made at present. This 
well was located on or near the high point of the Baker-Glendive anticline, 
a narrow fold nearly 100 miles long and with about 500 ft. closure on the 
eritical side. Gas occurs in shallow horizons throughout its length. 
A second deep test, 14 mile north of this well, found oil at 6751 ft.; and 
a third deep test (7264 ft.), about five miles north of Baker, found salt 
water in the lower horizons. 

Most extensive drilling in 1936 was in the Cut Bank field, where 124 
wells were sunk. Six holes were drilled and abandoned bordering the 
field on the south. Drilling within the field produced 100 oil wells and 
9 gas wells, and 15 wells were dry or abandoned. Most of the drilling 
was in the south end of the field and brought about small extensions 
of the productive area. The most notable well of 1936, on the west 
edge of this field, was drilled through the productive horizons to a depth 
of 2978 ft., with but small amounts of oil showing. A 40-quart shot of 
nitroglycerin was then discharged through casing at a depth of about 


TaBLE 1.—Oil and Gas Production in Montana 


Total Oil Production, Bbl. 
Age, 

B, Field, County pees 
q 1936 | To End 1936 | During 1935 | During 1936 
A 

g 
3 

1 | Baker-Glendive, Fallon, Wibaux, Dawson............+++++- 22 none 

2 | Border or Red ‘Coulee, Toole... 2.25: c0c. se sees ceva ce vast 6 606,152 1 1 

3) | Bowdoin-Saco, Phillips, Valleysi.cccca-. vec. cece voces one 20 none 

: aide eee Bee ae ks SAE RO CEOS DRT E Aa OO eeee a0 none 

OxGld era re werner eee eter inalslelariccsiseceianve none 

6 .| Cat Creek, Petrolewsm), Gar piel. e ooc ccs titel sa iieieierns eles wisje'os 15 13,406,311 292,750 254,239 
aaa oS ATA Gleb ern vies etic elaseyscts salves acoipiaiets er ejetetsiecarie.¢ 10 6,946,527 | 2,323,141 3,332,440 
Sa Devil's) Basin usselsnel ners extcew ce eee '> «e114 a ouseie ra iares vers 17 16,684 3,075 none 

OMe Dry Creek, Cuma.» . pa serie cstasspstsistsiein: s(e'aGlai videilaieeie« 9 783,527 60,421 212,561 
HOm BoB agit Canbormaerettre olan iret aretoheieys oiefelaieisvejslexslereiayeusla es 20 863,503 8,218 11,680 
IPe EL AT CLIaI RISE GEL OF Teese « casi aicicke races tee ateuslel cis aye siaiese'oteelai 7 none 
12 aovin-Santarit, ols Reine eee eee ae -ating miaterene st, toh ons 28 14 31,594,328 1,425,846 1,585,909 
A Smeipluskoubasin iSPeUMNUlen ac rdeisle avis sve</accseleve/o\yals,sveruzeietemmss ale) ayes 9 287,935 18,055 15,144 
Tes Ponderas Ponderas cl chon. cic nn octane - sloier sm eeatiete ein wine 10 4,448,039 431,233 421,395 
FSi SOAP Cree Keon GEL Oi tctation oecvenston¥oscgelevaieiseinte(Oe Ie take eet 16 69,613 20,344 4,210 
16 | Whitlash, Sweetgrass Hills, Toole, Liberty................. 12 none 14,555 13,179 
me ENT ORSON eee oie icin Mintaiie tecsercteressfolencte ine (ocalipelareteseysteisteisie = 0 136 
Sui Bannaty nen elarien teaver cee re ciastspiereciiteree steleliyaisie?aletes oss 10 63,097 1,494 none 
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2860 ft., where good showings of oil had been previously noted. This is 
an upper sand (Sunburst, Lower Cretaceous), not commonly productive 
in this field. The main productive sand (Cut Bank sand) lies at the base 
of the Kootenai formation 50 to 100 ft. beneath the Sunburst sand. 
Following the shot the well flowed as much as 2000 bbl. per day, settling 
to about 650 bbl. per day. Three offset wells failed to find large pro- 


duction. Average settled production per well per day for the Cut Bank 
field ranges from 35 to 40 bbl. Practically all oil is raised to the surface 
by pumping. 


The so-called Mosser dome, southwest of Billings, is a ‘“‘half-dome” 
lying adjacent to the Fromberg fault zone. This is a down-dropped fault 
block 14 to 1 mile wide and about 25 miles long, which trends tangentially 
to the Pryor (Big Horn) mountain uplift on its northwestern flank. 
Three wells have been completed on the dome; one is reported to have 
yielded 15,000,000 cu. ft. of gas per day, and one to have yielded 100 bbl. 
of oil per day by pumping. The producing horizon is at the base of the 
Cloverly (Dakota) formation at a depth of about 1010 feet. 

Continuation of acidization of the oil-bearing upper portion of the 
Madison (Mississippian) limestone in the Kevin-Sunburst and Pondera 
fields resulted in continued increases in oil production, not only in new 
wells giving only ‘‘shows’’ of oil, but in some abandoned wells. In all, 
88 wells were acidized in these fields in 1936. Practically all were 
commercial after acidization. Since the beginning of acidization in 


TaBLE 1.—(Continued) 


Total Gas Production, Cu. Ft. Wells Completed 


During 1936 Total to End of 1936 
1 
q To End of 1935 During 1935 Producing 
: Abandoned Abandoned Total 
ol Oil Gas or Shut In |) or Shut In Drilled 
1 42,023,872,178 4,696,245,376 1 2 0 1 90 114 205 
2 23] 1 7 31 
3 2,330,402,800 750,694,000 24 4 28 
4 4,305,838,049 470,088,000 8 1 9 
5 2 2 2 1 3 
6 2 192 98 290 
: 21,865,937,000 7,205,384,000 100 9 15 334; 45 49 428 
a 3,225,334,000 689,354,000 8 4 8 30 
ll 3 64,997,000 6 26 38 
12 24,597,468,440 2,527,916,600 56 2 10 1,120} 161 1,048 2,324 
13 44,401,0004 none 5 35 40 
14 act 21 178 
2,612,693,000 654,419,000 H 


1 Included under Kevin-Sunburst. 
2 Included with Bowes. 

$ No record prior to 1935. 
4 Total production unknown, gas used for carbon-black manufacture. 
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Montana, over 300 wells have been treated with acid. The amount used 
per well ranges from 500 to 1000 gal. Production was increased from 
5 to 50 bbl. per day. The use of hydrochloric acid instead of high 
explosives for increasing oil production in these fields is now an accepted 
procedure, and this treatment is reviving oil fields that were well along 
on their normal declines. 


Oil and Gas Development in New Mexico 


By E. H. Wetts,* Memper A.I.M.E., anp A. ANDREAST 


GREATER progress than in any previous year was accomplished by the 
oil industry in New Mexico in 1936. The total number of completions in 
the state was 631, of which 549 were oil wells, 21 were hydrocarbon gas 
wells, three were carbon dioxide gas wells, and 58 were dry holes. 

The total oil production for the year was 26,804,446 bbl. Compared 
with the production for 1935 of 20,228,947 bbl., this represented a gain 
of 32.5 per cent. Of the total production, 25,337,382 bbl. came from 
Lea County. The average daily nonmarginal well allowable for that 
county was 115 bbl. the first of the year and 86 bbl. at the close. Produc- 
tion was regulated by the New Mexico Oil Conservation Commission, 


TABLE 1.—Oil and Gas Production in New Mexico 


Area Proved, Acres 
Age, 
Field, County to Hind 
“4 of 1936] , | Oil 
iS Oil and | Gas | Tota 
g Gas@ 
v4 
4g 
& 
1 5|/Ute:Domey Sani d uate: carers Whee aeons ans neo ana Com ene 14 0 0 640 640 
2ii|, Hogback, San: Suan acco anuisp etc ee antenna) se eee 14 160 0 0 160 
3 | Artesia (Getty-Jackson-Maljamar), Eddy...........000 0.00000 c eee 13 10,660 2,840 | 13,500 
A)\ Rattiqanake Sate Jeans ce ashes case ae ei ene eee eee 12 640 0 640 
5° | Astec-Bloomfield) Gan. Juan sinniaceo ven cpmtiak ee ne cena 12 90 0 5 95 
G5 TablodMoeds, (San Suances. trod te cco Sueno aera 11 100 0 0 100 
A BIBROOTSGid WAN ah iodecn eee reeN cee uty eis etanldiver ok anemer 9 0 40 0 40 
S| Lospaly Dic Kinley sah nan crmuinia nari Neus maar sents cee 9 50 0 0 50 
0") dali Date etree: Incc.ca seers tee ice eae tains Oi et 9 2,560 200 560 3,320 
109) Karts 'Canvon pans Wan, & eon cee n.c tas wre te Oe tetncs tects eine 9 0 0} 1,200 1,200 
dl Hobe, 'iea er Diam nun cites een vee eae eee eee acme 8 1,520 | 8,240 0 9,760 
PDR ALINE Pee bic. Panttn nem t eer RNG EN Senne vue merce een ee 8 14,600 0 0 | 14,600 
£34} COOPER ALAM cere sc hic acthe eee orale oe foe wind monte uae eae 7 4,000 0 0 4,000 
Lal al Tiga Ss Toes, Heh: saa sh aataaal ahilis acters) eect i Serkan RTs 7 520 0 0 520 
15 | Monument, Lea... . 2 10,520 0 0 | 10,520 
16 | Red Mt., McKinley ar ation wre wetabad tele 1 20 0 0 20 
Total 45,440 | 8,480 | 5,245 | 59,165 


« Footnotes to column heads and explanation of symbols are given on page 291. 


Manuscript received at the office of the Institute March 24, 1937. 


* State Geologist and member of the New Mexico Oil Conservation Commission, 
Socorro, N. Mex. 


t Geologist, New Mexico Bureau of Mines and Mineral Resources, Socorro, N. 
Mex. 
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consisting of the Governor, the Commissioner of Public Lands and the 
State Geologist. 

Acidizing the producing horizons before completing the wells was 
effectively carried on as in the past, but some of the wells that had large 
potentials when first brought in were not acidized. Because of the flat 
40-acre unit allowable in the Lea County fields, except Hobbs and Monu- 
ment, a number of operators did not attempt to complete wells in those 
fields with the largest possible potential. 

Proration by the Oil Conservation Commission was continued in Lea 
County on the same basis as in the preceding year, except in the Monu- 
ment field. In that field the proration plan was changed from a flat 
40-acre unit allocation to an allocation based 80 per cent on acreage and 
20 per cent on bottom-hole pressure. The daily allocations for the state 
were set by the Oil Conservation Commission. For January 1936 the 
allocation was 62,000 bbl. and for December it had been increased 
to 86,200 bbl.~ 

During the year four new oil fields were discovered. These con- 
sisted of the Penrose and Hardy fields in the sand-belt area in Lea 
County near the Texas line, a field between the South Eunice and 
Lynn fields in Lea County, and the small Red Mountain field in 
McKinley County. 


SOUTHEASTERN New Mexico 


Hobbs Field.—The Hobbs field in Lea County continued to be the 
largest producing field in the state, with a total production of 9,052,129 
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bbl., although only seven wells were drilled during the year and two of 
these on the northwest flank of the structure were later abandoned. The 
total potential at the end of the year was 2,129,526 bbl. for 244 units of 
40 acres each and 255 producing wells. 

Eunice Field.—In the Eunice field, Lea County, the second largest 
producing field in the state, drilling was chiefly in the eastern and northern 
parts, without defining the limits of the field. The total number of com- 
pletions in the Eunice field proper consisted of 197 oil wells, two gas wells, 
and five dry holes. There were 365 productive 40-acre units at the end 
of the year. In the South Eunice field four small wells were completed. 

Monument Field.—The greatest drilling activity during the year was 
in the Monument field, Lea County, where 235 producing wells and only 
two dry holes were completed. These dry holes were the Gulf Burk No. 1, 
in sec. 28, T. 19 S., R. 37 E., which encountered sulphur water in lime at 
4020 ft., and the Repollo Bolding No. 1 in sec. 10, T. 20 8., R. 37 E., 
which was abandoned at 4257 ft. after encountering sulphur water in lime 
at 4145 to 4257 ft. At the end of the year the limits of the field had not 
been defined on the north, west and south. Less than two miles of 
unproven area separated the Monument field from the Eunice field to the 
south, and these two fields are evidently parts of one continuous field. 
The total producing wells and also the 40-acre units in the Monument field 
numbered 263 at the close of the year. 

Cooper, Mattix, Langlie and Jal Fields.—In the Cooper, Mattix and 
part of the Langlie fields, Lea County, there were 19 completions, 13 being 
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oil wells, five gas wells and one a dry hole. The Cooper field continued to 
produce large amounts of water. Completions in the Jal field and the 
other part of the Langlie field consisted of 22 oil wells, six gas wells and 
three dry holes. 

Artesia-Jackson-Maljamar Area.—In the Artesia-Jackson-Maljamar 
area, in Eddy and Lea Counties, developments were of moderate impor- 
tance. Of the 24 completions, 19 were oil wells, three were gas wells and 
two were dry holes. Most of the drilling was in proven and semi- 
proven areas. 

Penrose Area.—The first new field discovered in New Mexico during 
1936 was the Penrose field in T. 228., R. 37 E. On Jan. 9, Penrose and 
Rowan completed their Cary No. 1 in sec. 22, T. 22 S., R. 37 E., at a 
depth of 3555 ft. The initial production was 180 bbl. and 500,000 cu. ft. 
gas. At the end of the year there were 16 completed oil wells and no 
dry holes. 

Production in the Penrose and Hardy areas is obtained from the 
Ramsey sand, which has been tentatively correlated with the Bowers 
sand of the Hobbs pool where it is several hundred feet above the ‘‘ White 
Lime,” the main producing horizon. The Ramsey sand is from 150 to 
400 ft. thick. 

Hardy Area.—On March 18, the Barnsdall Oil Corporation completed 
the Hardy No. 1.n sec. 29, T. 218., R. 37 E. at a depth of 3800 ft. in the 
Ramsey sand, with an initial production of 225 bbl. daily. Nine oil wells 
and no dry holes were drilled in this area during the year. 
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Lynn Extension.—The third field to be opened in Lea County during 
1936 was a field between the South Eunice and Lynn fields. During the 
latter part of December the Continental Oil Co. completed the Farney 
No. 1 in sec. 5, T. 23 S., R. 36 E. at a depth of 3769 ft. The initial 
production was 912 bbl. and 600,000 cu. ft. gas through a 34-in. choke. 
This well may be an extension of the Lynn field. It is over 2 miles north 
of the producing wells in the Lynn field and 2 miles south of the Texas 
Dean No. 1, a dry hole drilled in sec. 28, T. 22 S., R. 36 E. 


NORTHWESTERN AREA << 


San Juan County.—In San Juan County, in the northwestern part of 
the state, drilling was confined chiefly to the Rattlesnake oil field and the 
Kutz Canyon gas field. There were 15 completions in the county, con- 
sisting of 10 oil wells, three gas wells, and two dry holes. 

McKinley County.—The Red Mountain field in McKinley County was 
discovered in March, 1936. The surface rocks and producing horizon 
are the Mesa Verde formation of Cretaceous age. Production is found at 
a depth of approximately 440 ft. The structure is a faulted anticline, and 
the productive area appears to be very small. The oil has a gravity of 
42° A.P.I. The largest producer pumped 25 bbl. daily. By the end of 
the year 11 wells had been drilled, of which only four were oil wells. Pro- 
duction for the year was approximately 1600 barrels. 


NORTHEASTERN AREA 


Torrance County.—No commercial oil wells were drilled in the north- 
eastern part of the state, and the chief developments were in connection 


TaBLe 2.—Summary of Drilling Operations in New Mexico 
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with carbon dioxide gas. At the Wilcox dome, in Torrance County, two 
commercial carbon dioxide wells were completed, making a total of five 
commercial wells. Gas from the wells was piped to the plant of the Witt 
Gas & Ice Co. and made into “dry ice.” The capacity of the plant is 
30 tons per day, but it did not operate at full capacity. 

Harding County.—The second commercial carbon dioxide field dis- 
covered in New Mexico is the Bueyeros field in Harding County. One 
commercial carbon dioxide gas well was completed, this being the second 
commercial well in the area. At the end of the year four other wells were 
drilling. Two “dry-ice” plants were under construction in the field at 
the end of the year. 
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Petroleum and Natural Gas in New York in 1936 


By D. H. Newxanp,* Memper A.JI.M.E., anp C. A. HartNaGELt 


DETAILED production statistics listing the operations according to 
producing sands, districts, ete., are not available for New York State 
and are scarcely obtainable without extraordinary effort and expense, 
hardly warranted by the current rate of developments. The oil industry 
is practically stabilized, so far as exploration for new sources of supply are 
concerned; no new pools have been tapped in the last 25 or 30 years. 
There is little prospect of extending the boundary of the oil fields beyond 
their present limits, though possibly some additional reserves may be 
found below the present productive sands. Natural gas, on the other 
hand, is not restricted to such confined areas. Drilling for gas has been 
fairly active, under the stimulation of some important finds in formations 
that previously were overlooked. The year’s field operations will be 
covered somewhat fully. 

Oil production, which has been steadily advancing for a number of 
years, showed a further moderate gain in 1936. The output for 11 months 
(figures for December are not yet available) was 4,217,000 bbl., indicating 
a total for the year of around 4,600,000 bbl. The increase was about 
10 per cent, a rate maintained for some time. Prices were more satis- 
factory than in the preceding five years, with an advance to $2.57 a barrel 
before the year’s close. New York State yield is all paraffin-base, in 
the same class with high-grade Pennsylvania oil. Most of the output is 
now obtained by the water drive, which has given a new lease of life 
to the fields and promises to bring the total to about 200,000,000 bbl. 
before the known acreage has been exhausted by this method. Before 
its introduction the annual production was under 1,000,000 bbl. a year. 
The fields cover an aggregate area of 55,000 acres, with some 17,000 wells 
in operation. 


DEVELOPMENT 


Exploring for natural gas in New York in 1936 outside of the old 
established pools continued actively, as in the previous year. There 
was an increase in total initial production. Operations were conducted 
in nine counties of the central and western parts of the state, and 43 wells 
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were completed, of which 23 were producers. The combined initial 
open-flow capacity of the 23 producers was 293,000 M. cu. ft. per day. 
At the end of the year 10 wells were drilling. 

The greatest development took place in the new State Line pool of 
Allegany County, in the towns of Alma and Willing, both bordering on 
the State of Pennsylvania. In Alma eight wells, all productive, were 
drilled and in Willing six wells, four of which were producers. The 
production from the 12 wells accounted for about 97 per cent of the total 
new supplies of natural gas. Initial production of the wells ranged from 
7500 to 34,000 M. cu. ft. daily, or an average flow per well of 24,000 M. 
cu. ft. The productive formation is the Oriskany sandstone, reached 
at depths of from about 4600 to 4900 ft. Other tests to the Oriskany 
sandstone in Allegany County included three in the town of Amity and 
one each in the towns of Allen, West Almond and Angelica. In depth 
these wells ranged from 3200 to 4200 ft. One well reported a small 
production of 6000 cu. ft.; the rest were dry. 

In Steuben County four wells were completed as Oriskany tests; in 
Dansville, Howard, Avoca and Hornellsville townships, respectively. 
The Howard well had a reported flow of 30,000 cu. ft.; the others were 
dry. One well, in the town of Greenwood, Steuben County, completed 
late in 1935 with an initial flow of over 16 M. cu. ft., went to salt water 
before it had been connected to the pipe line. 

Four wells were drilled to the white Medina sandstone in the town 
of Leon, Cattaraugus County. All found gas with initial flows of 3200, 
2500, 900 and 50 M. cu. ft. In depth the wells averaged about 3600 ft. 
The horizon of the Oriskany sandstone was drilled through in these wells 
but no sand was present. 

In Chautauqua County a test to the Medina sandstone in the town 
of Charlotte reached a depth of 4030 ft. without finding paying gas. A 
well 2120 ft. deep in the town of Hanover found a gas flow in the Medina 
of 14 M. cu. ft. In the town of Portland an attempt to drill a deep well 
was abandoned after failure to land the 10-in. drive pipe, which had 
reached a depth of 436 ft. in glacial drift. In the Arkwright field, devel- 
oped some years ago, the most noteworthy feature of the year was the 
bringing in of a well with a flow of 1250 M. cubic feet. 

A few miles east of the Wayne-Dundee field three wells were drilled 
in the town of Hector, Schuyler County. The Oriskany sand was found 
in only one of these wells and all were dry. An effort to extend the limits 
of the Pavilion field was made by the drilling of a well in the town of 
York, Livingston County. The well was drilled to a depth of 1420 ft. 
but was dry in the Medina. 

One Medina sandstone test in Aurelius township, Cayuga County, was 
drilled to a depth of 1850 ft. and had a reported flow of 30,000 cu. ft. 
One well was drilled in the town of Brookfield, Madison County. The 
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Medina here lies at a depth of about 1900 ft. The Oriskany is also pres- 
ent. Only small flows of gas were found at several horizons in the well. 

In Oneida County six wells to the Trenton limestone were drilled, of 
which two were producers. One of the wells in the town of Rome reported 
a flow of gas of 200 M. cu. ft. at 737 ft. in the Trenton limestone. The 
other producer in the town of Camden was drilled to a depth of 1365 ft. 
and had a flow of 350 M. eu. ft. During the year a franchise was granted 
to the Camden Natural Gas Co. for supplying the village of Camden with 
gas from wells drilled in that vicinity during the past three years. 
Delivery of the gas has already started. 


Pire LINES 


Additional facilities for marketing natural gas in New York State 
have been provided by the extension of existing pipe lines or the building 
of new ones. Through the extension of the pipe lines of the Columbia 
Gas & Electric Corporation, natural gas is now delivered as far south as 
Rockland County, only 15 to 20 miles above New York City. 

A new 14-in. pipe line is under construction by the Cabot Gas Cor- 
poration from the Pennsylvania fields to the city of Rochester. The pipe 
line is 92 miles long and the gas will be used mainly by the Eastman 
Kodak Co., which has a three-year contract to take a maximum of 
5,500,000 M. cu. ft. of gas annually. The pipe line will also supply com- 
munities along its line and will sell gas to the Pavilion Gas Co. for redis- 
tribution to communities near Rochester. 

Another pipe line completed during the year was that of the Penn- 
York Gas Corporation (Cities Service Co.). This pipe line originates in 
Potter County, Pennsylvania, enters New York State near Wellsville, 
Allegany County, and extends as a 10-in. line 63 miles long to near Arcade, 
Wyoming County. At this point the line branches. One 8-in. line 
extends 43 miles westerly to Sheridan, Chautauqua County. The other, 
also an 8-in. line, extends 31 miles northerly to a place near East Lan- 
caster, Erie County. 


Oil and Gas Development in Ohio for 1936 


By J. E. Scuarrer* 
(New York Meeting, February, 1937) 


A summary of oil and gas development in Ohio for 1936 is necessarily 
brief and, in some details incomplete, owing to the lack of a central state 
agency for the collection of data and statistics on well drilling and pro- 
duction. The information used in this report was compiled from the 
records of the several companies operating in the state. 

Drilling activity in Ohio increased during 1936 as compared to the 
two preceding years. During the year 1157 wells were completed, as 
compared to 1022 wells in 1935 and 1055 wells in 1934. However, in 
spite of this increase in drilling activity, both oil and gas production 
declined for the year. 


Activity BY FIELDS 


Trenton Sand Field.—The Trenton sand field is located in 15 counties 
of northwestern Ohio, trending from Toledo on the north, south and west 
through Findlay into Indiana. About 40 years ago the Trenton field 
was one of the most important oil-producing fields in the United States, 
but it has declined to a position of minor importance. During the year 
1936 there were 52 completions in this field—29 gas wells, 19 oil wells and 
4 dry holes. 

Clinton Sand Field——The Clinton sand is by far the most important 
gas-producing field in the state. Production is located in small pools 
separated by nonproducing areas, on a band of varying width reaching 
from Cleveland on the north to Lawrence County on the Ohio River on 
the south. During 1936 a small pool of patchy character was developed 
in Butler township, Knox County. Seventeen wells were completed in 
the Clinton sand, of which 13 were gas wells and 4 were dry holes. The 
average initial production secured per well drilled, including dry holes, 
was 1,288,000 cu. ft. The average depth of the Clinton sand was 
3000 feet. 

A gas well was completed in lot 9 of Franklin township, Tuscarawas 
County. Production was found in the first Clinton sand at a depth of 
4354 ft. The initial open flow after shot was 828,000 cu. ft. and the rock 
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pressure 1325 pounds. A small gas well was completed on the Barthlome 
property in lot 4 of Wayne township, Tuscarawas County. Production 
was secured in the red Clinton sand at a depth of 4272 ft. The ini- 
tial open flow was 295,000 cu. ft. after shot and the rock pressure was 
1280 pounds. 

During the year, 226 gas wells, 70 oil wells and 137 dry holes were 
completed in the Clinton sand. 

Newburg Sand Field——The Newburg sand produces gas in Summit 
County and both oil and gas in Cuyahoga County. Although the horizon 
of the Newburg sand has been penetrated in all the Clinton sand wells of 
eastern Ohio, it has yielded production in only a few places. During 
1936 six gas wells and one oil well were completed in the Newburg sand. 

Oriskany Sand Field—Most of the production from the Oriskany sand 
is found in Guernsey and Tuscarawas Counties, where both oil and gas 
are produced. A small gas pool in the Oriskany sand has been discovered 
in eastern Columbiana County. Two gas wells were added to the small 
Oriskany gas pool in Madison and Wayne townships, Columbiana County. 
One well was completed on the Strudthoff property in sec. 31, Madison 
township, at a total depth of 4455 ft., with an initial open flow of 700,000 
cu. ft. and a rock pressure of 1700 lb. The other well was completed on 
the Grafton farm in sec. 25, Wayne township, Columbiana County, at a 
total depth of 4444 ft., with an initial open flow of 700,000 cu. ft. and a 
rock pressure of 1700 pounds. 

A wildeat test to the Oriskany sand was drilled on the Murphy farm 
in sec. 18, Buffalo township, Noble County. The Oriskany was encoun- 
tered from 4128 to 4145 ft. The test was dry, no water being encoun- 
tered. An unsuccessful wildcat test to the Oriskany sand was completed 
on the Comps property in sec. 9, Center township, Morgan County. The 
Oriskany sand was found at a depth of 3710 to 3716 ft., where water was 
encountered. The total depth was 3719 feet. 

During November 1935 a small Oriskany gas well was secured on the 
Kilgore farm in sec. 21, Sugar Creek township, Stark County. During 
1936 an attempt was made to extend this production by drilling two wells; 
one about 14 mile to the north on the Fortney farm, and the other about 
14 mile to the southeast on the Walter farm. Both wells were dry in the 
Oriskany and Clinton sands. 

During the year, six oil wells, seven gas wells and three dry holes were 
completed in the Oriskany sand. 

Berea Sand Field.—Production from the Berea sand is widely scattered 
in many small pools in eastern Ohio. The Berea sand is second in impor- 
tance as a producer of oil and gas in the state. During the year, 148 gas 
wells, 85 oil wells and 91 dry holes were completed in the Berea sand. 

Shallow Sand Field.—There are a number of shallow sands in eastern 
Ohio lying above the Berea sand, which produce oil and gas in relatively 
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small quantities. In these shallow sands, 131 gas wells, 82 oil wells and 
87 dry holes were completed during 1936. 


SUMMARY OF DRILLING OPERATIONS 


Table 1 shows the total number of wells drilled in Ohio during 1936. 
Table 2 shows the initial volumes secured on wells completed during 1936. 


TaBLE 1.—Wells Drilled in Ohio during 1936 
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Su oC (Ss. ge ReneS Sica tare 21 91.3 2 8.7 23 
(Cone loret Se ae oma noe 2 100.0 2 
TRYST SRS eee LOS Oe eee 148 45.7 85 26 .2 91 28.1 324 
Shia llOwusryiccsacleie ore ccrs 2 131 43.7 82 21Ge 87 29.0 300 
POUAIENE A) cron te ere 570 49.3 263 220 324 28.0 I ise/ 


TaBLeE 2.—Initial Volumes on Wells Completed in 1936 


Gas Wells Oil Wells 
ee Deiat Intel | Average Initial! Total Iniaal "| Averaze Tnttal 
Volume, Volume, Production, Production, 

Cu. Ft. M. Cu. Ft. Bbl. Bbl. 

SLPEIELOME Wiocirie lve LAveeo + 3,707 130 : 164 9 

Wlintoniasied > Sse ieee 200,412 882 5,245 75 

EN OWES oo Chopin oie coed 2,984 493 26 26 

risk Aine een. cei hays 4,558 651 48 8 
Sal Chee PF cng pit ue ose usa § 6,264 298 
Cord otier hs osh-3 dana ahe oe 1,631 815 

IBGLCAIeA Stay tere ner taeke oF 29,138 197 - 600 if 

Qnaiitingees em cen oe Moc ere pe87, 6H. 83 548 6 

‘ARG INE, eee tiey eet een 296,305 519 6,631 25 


SuMMARY OF PRODUCTION AND PRICES 


Ohio produced 49,592,000,000 cu. ft. of gas! during 1935. It is esti- 
mated that 49,000,000,000 cu. ft. of gas? was produced during 1936. 


1U. 8S. Bureau of Mines. 
2 Estimate by G. R. Hopkins, U. 8S. Bureau of Mines. 


426 OIL AND GAS DEVELOPMENT IN OHIO FOR 1936 


During 1935 Ohio produced 4,082,000 bbl. of oil. Daily average 
production for 1936 is estimated at 10,504 bbl., making an aggregate pro- 
duction of 3,834,000 bbl.* for the year. Of this total 1,472,000 bbl. were 
of Pennsylvania grade, while the remaining 2,362,000 were divided 
between Corning and Lima grades. 


TaBLE 3.—Prices for Crude Oil in Ohio in 1936 


Date Grade Price per Barrel 
Jan. gltomannl2 uc. os caewccaenick-wee eae rae Pennsylvania $1.82 
Jan™13. toiSep til 7.2 ciac «terete o/h soca Pennsylvania 19%, 
Sept. 18 to Dect SLI aetna. Pennsylvania 2.12 
Jan Tto A) file Loe tea ete tee ere iene Corning 1.32 
Jan..13torSept: dfn ac Metetane coh ee aceite eet ere Corning 1.42 
Sept: 17sto, Dec Slee anes. 5 eter eee ale Corning 1.32 
Jan Li tO B20... Boorse luster <ieht reek ciel Lodi 17, 
Jan 4*to Decroilic nee acrestene Tae MeO oe ae Sener NE Lodi 1.27 
Jan. Vito Jane LS ee cack ccoulareucveisiete otele eiaucin Sig asain Parma 1.22 
Jan, 14 tO Dee. Slee eine aot te oe era Parma 1.32 
Jan. L God amie OS eo ehh cnckene a water = ale euage tok are ah etree Lima 1.15 
JainALOito Septe: 216s. Sener eee Lima 1.25 
Sept. 22, (6, Decade. --aty uate ete on oem Lima i Gn 5) 


Table 3 shows the prices paid for crude oil in Ohio during 1936 and 
Table 4 shows the weighted average posted price for all grades of Ohio 
crude oil for the past eight years. 


TABLE 4.—Weighted Average Posted Price for Ohio Crude* 


Year Penna. Corning Lima Wooster 
1929 $3 .4046 $1 .8447 $1.70 $1.81 
1930 2.0286 1.5756 1.54 1.69 
1931 1.3558 0.8261 0.90 1.02 
1932 1.3755 0.9418 1.10 1.21 
1933 1.3515 0.9035 0.92 0.90 
1934 1.9771 1.32 1.30 Now Corning 
1935 LP. 7213 1.32 1.15 

1936 1.9667 1.388 1.21 


2A. E. Faine. 
REPRESSURING OPERATIONS 


Although the repressuring of shallow sands has been carried on for 
years in southeastern Ohio, only within the past few years have the possi- 
bilities of repressuring the Clinton sand been considered. 

An early repressuring experiment in the Clinton sand was started by 
a company near New Straitsville, Ohio, in December 1933. Favorable 


’ Estimate by A. E. Faine. 


— 


J. E. SCHAEFER 427 


results were noted within a month after the injection of gas, and produc- 
tion was increased on a small group of wells from 120 bbl. in November 
1933 to 430 bbl. per month in August 1934. 

During October 1935 an operating company made an effort to stimu- 
late the oil production of a group of wells on three adjoining leases in 
Hardy township, Holmes County, Ohio. There were 17 wells on the three 
leases. One of these was cleaned out and tubed to serve as the injection 
well. Two other wells were not, at the time, producing because of water 
troubles. There remained 14 active wells. Over a period of 13 months, 
during which gas was being forced into the sand slightly more than 50 per 
cent of the time, there was injected about 17 million cubic feet of gas. 
The average rate of injection during time in operation was about 74 thou- 
sand cubic feet in 24 hours. Except in a few wells the results have not 
been good from a production standpoint: Other factors may have influ- 
enced this, however, as there was considerable casing trouble. 

In four wells, a decided improvement was noted. The monthly pro- 
duction of these four wells just prior to repressuring was 220 bbl. Over 
the period of 13 months, during repressuring, the average production was 
320 bbl. The last month’s production was 360 bbl. Wells equidistant 
from the injection well were not similarly affected. The increase was 
obtained from wells that lay in a general northeasterly direction and in 
which the oil sand was higher than in the injection well. During the same 
time the entire field suffered a decline in monthly production of about 
13.2 per cent, compared to an increase of about 39.1 per cent in the four 
wells cited. 

The following paragraphs are taken from a letter written by J. R. 
Lockett, of the Preston Oil Co.: 

On Oct. 12, 1936, an operating company completed a 165-hp. double-stage com- 


pressor station near Union Furnace, Starr township, Hocking County, Ohio. Gas has 
been injected into either two or four Clinton wells on the Shaw and Stiers farms con- 
tinuously since that time. 

The station was started with a discharge pressure of 90 lb., and a daily delivery of 
13 M. cu. ft. The pressure was gradually increased to an average of 200 lb., at which 
the average delivery was 75 M. cu. ft. The average daily return gas is 60 M. cu. ft. 

Twenty-three Clinton oil wells with average depths of 2200 ft. below sea level, and 
an average sand thickness of 26 ft., were shut in for three weeks until their closed 
pressure had equalized at approximately 20 lb. The total initial daily production of 
the 23 wells was 3690 bbl. Their combined average daily production for the year 
previous to repressuring was 12 barrels. 

Approximately 30 million cubic feet of gas had gone through the station to Jan. 1, 
1937, which represents a circulation of approximately 15 million cubic feet. At that 
time, the combined daily production of the 23 wells averaged 42 barrels. 
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Petroleum Development in Oklahoma in 1936 


By H. E. Rorscuacu* ann E. G. Danueren,t Mempers A.I.M.E. 


OIL-FIELD activities in Oklahoma made 1936 the best year since 1930. 
Approximately 2800 wells were completed, an increase of about 20 per cent 
over 1935. Purchasers’ reports filed with the Corporation Commission 
showed a total of 200,240,252 bbl. of oil purchased from leases in 1936. 

The assembly of a complete table of the oil fields of the state was not 
achieved, as many of the early records of operators and pipe-line com- 
panies are not complete, and data for the older fields will perhaps never be 
fully tabulated. Table 1 includes all of the new fields and most of the 
important fields of the State of Oklahoma. 

The outstanding developments of the year were: the discovery of rich 
Wilcox-sand production in the Moore pool; the spectacular drilling 
campaign in the Capitol or Mansion extension in the Oklahoma City 
pool; the surprising extension of the Olympic pool and the Hunton lime 
zone in the Fitts pool; and the failure to find more Ordovician production 
in southern Oklahoma. Wildcat discoveries, which were on a par with 
1935, resulted in the discovery of such promising pools as Billings- Wilcox, 
North Bethel, North Earlsboro and North Lucien. The Fitts-Upper 
Simpson, Edmond, Jesse, Keokuk Falls and South Burbank pools under- 
went considerable development. 

Fitts Pool—tThe Fitts area in Pontotoc County was greatly extended 
during the year and was the leader in drilling activity in the state. The 
producing limits were pushed to the east and north and the development 
of the Hunton lime horizon was outstanding. In the Upper Simpson 
zone 162 wells were completed; 137 in the Hunton lime zone and 26 in the 
Wilcox zone. The Oil Creek zone, a sand body below the Wilcox mem- 
ber, was discovered by the Magnolia-Statler No. 3 well located in the SW. 
14 of sec. 28-2N.-7E. 

Moore Pool.—The Moore pool, in Cleveland County, which was 
opened in 1935 by the Sinclair Prairie-Franklin Community No. 1 well, 
surprised the oil industry when the Sinclair Prairie-Marvel No. 1 well, on 
Apr. 1, 1936, discovered a rich body of Wilcox sand below the distillate 


Manuscript received at the office of the Institute April 30, 1937. 

* Consulting Engineer, Tulsa, Okla. 

+ Geologist and Chief Clerk, Oil and Gas Conservation Department, Corporation 
Commission, Oklahoma City, Okla. 
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TABLE 1.—Oil and Gas Production in Oklahoma 


Neen eee eee ee eee ee eee eee 


Area Proved, Acres 
Field, County Oa 
°o 

s =| Oil | and | Gas 
g a. Gas* 

=| eS 
Az easy 
o os 
E i 

1.) Adama; Hughes :..6 carecyoers.csate sosen aero somes 1 160 

Sh AON, POR UMOE as -acss a5.5 yc cP cakes & pees eens 23 3,000 

SCANS, TACkQon...Aoi oes Pr cha Sit anies Chdae ata ae 3 340 

4 | Asher-Wanette, Pottawatomie................... 7 675 

6. Bethel, Seminolera.%\, Sod. d Racadeene ee Oe etree 13 570 

6 | Bethel, North, Seminole........0.00.02-00s-0006 4% 300 

WH Billings, Voble ss Sh8.. ie soba tek « cane aaa 21 600 60 

8 | Billings=WsleOx, INOUE. 00.0 seis cicvsyeie s)a,-'s ete 1 60 

OM Binpert Caddo, Me. kiana carton tees eee 3 10 
10} Bowlegs; Seminole snciccpen Sot teas sted os eek os 10 3,820 
11 | Braman, North and South, Kay................. 13 910 185 
12 | Britton, North, Oklahoma... sc. . cccws cass cannes 2 100 
13 |-Britton; South, ‘Oklahoma: ...t.. 2.0... os00-- 504 2 250 
14.| BeookOartenjecetnistucnc estan ce hacen 15 
15 | BurbankOsage, ‘Kay.0s -.caccc, 0% oaeel/snees 16 | 22,170 0 0 
16:|( Caldwell Grantaaeoninectecry. tesa neice cade 30 
iL73| (Carr Citya Seminoles: cats s. soccer ae. shee donate 9 1,060 
18 | Carter-Knox, Grady, Stephens................... 12 1,840 0 0 
19 Cement, Caddo Paes nec hs.0 dard. ott taamesicce 20 2,325 
20:1). Chandior’ Lancolt xcs. .:.siic) aus «asco on oe eee 12 1,160 
2l,| Cleveland ePawnees .. ait «cede cena battens 33 9,720 
Be WESORORIE ODOR ccs shards nczfore orieleciadio ean oes 4 1,010 
2s.) Cromwell Senunolésy. .o.02s .Aaiobe. deeepale ce 14 4,780 
24.) Cashing: Oxe6es cra. sir Uren) cso obeeis a aie 25 | 23,528 
25) Davenport, Lincoln. 00544 boise octal he. s ll 2,000 
26, | Deep ROO Paynes. s, k.0 eae ee ty terse seen aie 12 520 80 
27 | Dill, Okfuskee.... real 6c) 640 
28. ||| Dilworth) Kay vce patentee ok cca atin ic scars 22 5,280 2,720 
29 | Earlsboro, Pottawatomie, Seminole............... 11 4,730 
30 | Earlsboro, East, Seminole...............00.e00 8 i 

Earlsboro, North: 
31 Hunton, Semirolec0s ote fre. tetecs ome. 1 
32 Wilcox, Seminglas..cn chueacoiesaeneen nacre % 
33 | Earlsboro, South, Seminole...................55 7 300 
SGal Edmond, QhGROMGs., <wcsins.t 0c cain weteitunie aye 7 1,040 80 20 
BO s|PMAMIAS VOSAGGSI EE sea tire tac Rak ce ee eee ie ll y y y 
Fitts, Pontotoc 

36 Up pac Vu PHON..id-ta nities dele slerc eee 3 y y y 
37 Onion aise capt betes ae ee eae ee 3 y 7] 7] 
38 Ob Croplicis sete £2 ee Sitemeter aes 1 7] y y 
39 WOOK PEE SF c ceinre si dort ya. ee ee ORS 2 y y y 
AOU OR Cartetin, 20s Mae Auny eset gie ieaions eet omen 21 1,110 420 
ALA PoxsSimipaon, (Cartercies ous deoct samaeinee eens 2 40 
420 Garber: Garfield: 68.0: eke t ais daeeiee hate 21 3,840 
AB’) Geaaman! Lincoln eoies. bah ee chiwdditens beat 3 110 
Ad: Cplonn: OBR hor baits ela es utis wepusareen pce tate 32 | 14,720y 
AS? | Gtahamis Cartercinc une scyind tence aemaie aerate 19 2,520 220 
46" Gray Potlawalomte st iivodenics seen wesuaded taco. 5 
AT: GRayeOn; SHMENOLE sascha lice series mnie Rie neltas 2 130 
48; Grist; Paltawatomse se «a cenaiceivsicna as oigheccomiengs 3 
a0! |. Healdton, (Carter, soa teen aencetiohs we homestead: 23 8,100 
GO eeowate: Oarter ie on. Wee alarascm arrears Enea t 18 3,450 0 0 
OU, OMInY:. Osage... at vteorens pause. meat co 17 300 0 0 
62 | Hominy, Mast, Osage... ices vewrcs uv cuccscxesite 16 450 0 0 
OS Hoyt, LANGOMN. neaite iaviafed commas cer aoe eeehe ae 7] y y 
64 |; abhard \ ay acct ine haat ni eer ieee 13 620 0 0 
OB A Ela s opnie 1 wvvtmeanietes, aeceet Sate cee eet Ee 3 80 
56. ||'Josse, Pontotho: 2 vbecsn at eee ee 2 y y y 
57.) | GOBOY 5 OR) UBRAB i tetas ah eh, he ee eee 14 0 300 10 
58 | Keokuk Falls, Seminole..3...........0.0c ce eeen 4 900 0 0 
59 | Keokuk Falls-Hunton, Pottawatomie............. 2 y y y 
60} Laftoon; Linoolituas cea sas. ac orc ae ieee 4 60 


To End of 
Total 1936 


160 68,846 
3,000 | 40,077,410 
340 294,329 


675 6,691,721 
570 1,504,039 


300 16,671 
660 y 
60 141,362 

10 20,550 
3,820 | 104,448,952 
1,085" y 
100 165,002 
250 655,506 


600 3,771,000 
22,170 | 190,718,000 
30 


y 
1,060 | 25,004,000 
1,840 11,891,000 
2,325 13,156,198 


y 

9,720 | 53,984,986 

1,010 5,669,982 

4,780 | 51,547,000 

23,528 | 328,268,674 

2,000 y 
600 


y 
640 793,890 
y 


4,730 | 118,837,433 
2,000 | 33,989,387 


160 70,441 
200 53,132 
300 7,907,000 
1,140 5,981,641 
y 


y 
y | 24,262,540 
y 1,600,382 
7 18,660 
y 858,319 
1,530 | 11,990,000 
40 89,964 
3,840 | 48,453,425 
110 y 

14,720y 


x 
2,740 | 24,550,000 


180 2,724,000 
130 507,126 


80 179,200 
8,100 | 174,062,000 
3,450 | 81,832,000 

300 1,881,575 
450 1,911,812 


y 388,616 
620 y 
80 134,465 
y 420,000 
310 
900 | 3,617,000 
57,804 
60 695,000 


“Footnotes to column heads and explanation of symbols are given on page 291. 


Total Oil Production 
Bbl. 


During 
1935 


4,000 
2,896,745 
117,710 
307,838 


44,402 
None 


227,244 
187,526 


3,078,209" 
2,156,403 


433,000 
1,478,309 
y 


6,714,362 
48,372 


26,667 
275,000 


8,964 
761,828 


178,927 
z 
650,000 


624,000 
245,552 
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TABLE 1.—(Continued) 
co aE Ee een ASN 


Total Oil Production, T Gas P: i : 
Bite sa ee Bee ciion: Number of Oil and/or Gas Wells 
During 1936 At End of 1936 
2 Daily 
8 Deriog es = = 
6 uring | « = oe og mE bo 
E Nov. 1936 | . (ge Sale| 2 | eel gai. [ge] 2 
a Ag | £9 | fs teesleds| 6 | # | os | 8° |e3) 20] a3 
a= oF | SS | 5S |SRB/B OS 8 Ss He | Sm Sad 33 $e 
4 Sen An |Saae Omeln oe ate Wee aS ICO) ec ees 
1 64,846 329 4 3 4 4 
2 | 2,812,947) 4,428 y 278 278 
ae 470 y 3 6 34 34 
193, 486 y vs tiene y y y y 
5 43,680 102.4 58 0 0 3y 36y z 36y 
$ 16,671 54 None 2 2 2 
y y y 
8 141,362 555 6 6 4 ! 5 3 1 6 
9 9,739 y 1 0 1 0 1 1 
* 4,319,663) 11,741 y 2 y y 244 244 
y y y y y y y 
12 150,315 646 9 6 0 0 3 0 5 3 
13 595,323} 1,956 12 7 0 0 12 12 
14 150,000 340 121 
15 | 2,829,000] 6,530 r x L z | 2,200 0} 15 0 {1,935 0 0 | 1,935 
16 y y y y y y y y y y 
17 | 2,205,001] 6,000 100 
18 534,000 1,387 x 2 @ x 220 0 16 2 143 0 0 143 
19 621,198 2,000 220 4 5 y y y y y 
20 y y y y y y y y y y 
21 654,559 1,729 1,159 4 y y y 582 y 582 
22 | 2,233,414] 7,505 44 12 y y 44 44 
23 1,330,000 3,393 z z x 7] 491 0 0 0 272 0 0 272 
24] 4,085,879] 10,347 3,675 15 L Lz x | 1,970 z | 1,970 
25 y y y y y y y y y y 
26 y y y y y y y y y y 
27 578,800 1,796 y 12 y 0 20 20 
28 y y y y y y y y y y 
29 | 2,305,594 5,997 y y y y y y y y 
30 | 1,338,492 3,620 y y y y y y y y 
31 70,441 355 4 4 4 
32 53,132 335 5 5 None 5 
33 226,000 834 30 | None} ? 15 
34 | 4,886,440} 13,493 73 37 0 1 71 iI 72 
35 y y y y y y y y y 
36 | 17,385,236} 51,622 394 162 0 0 394 394 
37 | 1,543,651) 7,941 137 
38 18,660 339 1 1 0 0 1 0 0 1 
39 831,652 3,390 , 28 24 0 0 28 0 0 28 
40 350,000 1,130 | 80,500] 3,000 | 2,500 y 144 2 5 0 98 0 33 131 
41 81,000 500 0 0 0 0 1 0 0 0 1 0 0 i 
42 708,038 3,034 873 1 2 z 582 x 582 
43 y y y y y y y y 
44 x z y y y y y y y y 
45 600,000 1,550 | 48,200) 1,200 | 1,000 0 322 0 1 300 17 317 
46 560,000 1,440 22 
47 | 261,574 553 12 y y y y PM a 12 
48 66,200 140 3 3 
49 | 3,449,000 9,579 x Ey ¢ a | 2,201 39 17 x 1,891 0 0 1,891 
50 | 1,644,000 4,407 hy o & x 902 4 16 2 796 0 0 796 
51 30,499 78 y | None} None} y y y y y 
52 28,423 82 y 1|None| y y y y y 
53 330,359 1,226 “ ‘ j : ; 
54 y y y y y 
55 33,711 y 2 0 0 0 2 2 
56 401,912 1,960 18 Ud 0 0 18 j "i + 
bys y y y y y y y 
58 | 2,089,000 6,167 0 0 0 0 100 52 0 0 100 0 0 100 ; 
59 51,231 286 y y y y y y y y 
60 320,000 y 3 1 4 4 


ee ————.—_.eneeesess_ eee ee re 
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TaBLE 1.—(Continued) 
q : Character of Oil, Approx. 
Depth, Average in Feet OF SE ge bert . Pressure, Lb. per Sq. In.¢ Average during 1936 
Number of Wells Average at End of ery ea 
.. | Bottoms of | To Top of 2 ay 
8 | Productive | Productive Ad Thitial fe 
g Wells Zone A ao g g z SS 
2 Bla tele lgisé 1935 | 1936 | & eI B#/Z0 
: e | e |a|3 (Belge a | a Seles 
3 & | a |5|2 (S| = |S esa 
1! 4,050 4,030 3 1 e1,500 40 
2} 2,600 y 278 y y y 30 
: 1,500 y 34 y y y y bis 
y y y DN ay earls ile oo y y y 
5| 3,297 3,270 0 34] 2 40 (32 /36 {0.2 
6| 3,620 3,600 2 1,300 | None | 1,300 40 
Z| 221200 2,000 y yee Saled ee y y 41 
8| 4,258 6 e1,740 e1,720 y 
9] 11,230 11,195 1 y y y 41 
10| 4,300 4,100 244 y y y 40 ly 
11 3,402 1,934 y 2) ag gale ieee y y y 41 ly 
12 6,706 6,547 y y| vl} vy} yl} yt} 2,000 | 2,000 y 43 |y 
13) 6,749 6,609 y y| y| vy} y| y |} 2,200 | 2,200 y 43 ly 
14| 2,100 Var. 121 38 25 |385 0.8 
15 | 2,700-3,000 z 0 11,935} 0] 0} 0} 0 2 2 z|2|2 rr z 
16 1785 4,779 y 01 ee Cae or a y y y y 
17| 4,205 4,180 100 e320 90 y y |40 |0.3 
18 | 1,720-2,100 z O°) | 2432) 10°] (0512-01) 10 z z z |38 |26 |35 |z 
19 ,800 z y yi) ty) visa y y y y 35 |v 
20 y y y uv) Sy. gal gat y y y 40 |y 
21 2,400 1,700 y Yee ae ee y y y 37 ly 
22| 6,219 6,190 37 5| 2 2,920 | el,741 y 42 Iy 
23| 3,400 Pa 0 | 272] 40.) One oro z r z 35 |x 
24 2,800 2,200 y 11,970 | 49)! “sae y y y 40 |y 
25| 3,440 3,390 y Vie) wel eg y v y 46 ly 
26| 4,250 4,200 y y| y| vl] yj y y y Pel Fe | Pew Aly 
27] _ 3,930 3,900 y Peo Wwalea ey y y y 40 |y 
28} Various y y Yiay | vey Vip y y y 40 |y 
29 4,300 y y Yl ag he) at 7 y y 39 ly 
30 y y y YL ee ad ote gs y y y 39 |y 
31 4,440 4,420 3 1 e1,940 None | e1,900 40 
32| 4,650 4,640 6 e1,385 | None | el,365 31 
83, 4225 4,200 15 e 5 e 350 40 0.3 
34 y y 70 1} 0] 0} 0} 0 | e2,900 | 2,640 |e1,900 /52 |38 |39 ly 
35 2,800 2,750 y vipa | wh wai gs v 7] y 38 ly 
36 4,325 x y y | seh] vale y e1,980 e1,100 39° ly 
37 3,700 3,350 y y| yl yloy y ity 39 ly 
,650 
38] 4,656 4,547 0 AN FO} cout) 0.) 0 x 2 x 37.9|y 
39 4,415 y y yl yl vloy «| e1,850 e1,500 
40| 2,500 2,200 98 0 500- y y 46 |27 |y ly 
41] 8,105 6,694 1 010)! 7Oe0 0c te x x 30 |x 
42 4,200 1,100 y Yicv) wievloy 7 7 y 44 ly 
43} 3,065 3,050 y vi vl ul uly y v y 45 ly 
44 1,575 1,475 y yey: | pal ea ow y v y 35 |x 
45| 2,800 2,400 0 | 817} 0 SOee 0: }-201" az50 y y |36 |26 |32 ly 
46| 3,475 2,500 22 e1,440 2 2 40 |x 
47| 3,850 3,750 12 v y y 40 |y 
48] 4,050 ,030 3 35 |x 
49| 750-1,900 y 0 {1,891} 0} O| 0} 0 x 2 x |32 |29 |31 | 
w 1,80072,000 ; po | 0 | 796} 0} O} 0} 0 x x xz |36 |31 |34 |x 
‘ A y vy) vj vl vty y y y |4l 37 ly 
52 2,210 2,160 y vi yv| vl yvly y vy y |36 34 [y 
Y 5,100 y y vy) vj vloy 7 y y be y 
y y y Vieg) vel yiey 
55| 4,800 y 1 1 “ : 7 42 : 
56| 4,633 4,621 18 0} 0} OF 0 y y y 41 ly 
57] 3,650 3,600 y veo | oval gy y y y 41 ly 
58| 4,100 4,550 88 12} 0} 0} 0} 2G] 1,828 | 1,600 | 1,400 |41.6/39.4/40 |x 
59 4,152 4,117 y 2) Gy Fae aehey y y 1 ly 
60| 4,275 4,190 3 e1,872 e 275 22.5]a 
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Deepest Zone Tested 


Producing Rock 


433 


to End of 1936 


Gee, Appa, 
verage dur- 
ing 1936 32 
a8 
8 Pa 
by mae 
38 asi Name Ages S ae m Bes Name 2 
E ae 5 me ree.) oS Saye 2 
= 43/8 B45 2 bm |e] & lb ae Sm 
2). B\O8e i EAS Fs a| 3 |sse ee 
g\Sss\g2s a¢) 8 |38| 2 lace as 
5 ake gee é | 2 |2<| 8 ees BS 
1 Hunton-Misener Sil-Mis eno 12 155) 7A 0 | Wilcox sand 4,317 
2 Cromwell, Wilcox Pen-Ord 8 Por y | AF 66 | y 
3 Granite wash Pen S Por 30) ||, 1D: y | Granite wash 3,003 
4 y y y Jy yy yiy 
5 Booch Pen S |Silty| 27y) ML 2 | Wileox sand 4,411 
6 Cromwell Pen S Por | 20] A Cromwell 
7 Hoover Pen S Por’) 50) || A y | Arbuckle 5,031 
8 Wilcox Ord 8 Per A y | Arbuckle 5,031 
9 Binger ; Pen .) Per yt y y 
10 Wilcox or Simpson Ord § Por | 30} A y | 2nd Wilcox 4,390 
11 Various Pen-Ord | SL | Por yl # y | Arbuckle 3,553 
12 Simpson Ord D,L | Por A y\y 
13 Simpson Ord D,L | Por} 50) AF 3 | 2nd Wilcox 6,931 
14 1.25 | Various Pen S Por AF 46 | Ordovician lime 3,000 
15 a\o Burbank Pen 8 Por | 60} ML 75 | Granite 4,240 
16 Wilcox Ord iS) Por 6.) JA 1 | Wilcox 4,785 
17 2.0 | Hunton-Wilcox Pen-Ord | L-S | Por o |) A 13 | Wilcox 4,210 
18 x |e Various Per S |15-20/ 15 | AF 64 | Lower Deese 8,963 
19 Caddo, Fortuna Per-Pen i] y y|\ oy y | Pennsylvanian 10,079 
20 Wilcox Ord Ny) Por eA yly y 
21 Cleveland-Bartlesville | Pen is) Por yl oy y | Arbuckle L y 
22 Layton-2nd Wilcox Pen-Ord Sy) 23 y | AF y y 
23 a| 2 Cromwell Pen ') Por oA 55 | Wilcox 4,226 
24 Numerous Horizons Pen-Ord | 8, L | Por z | AF x | Granite 3,750 
25 rue Pen S Por 50 ML 18 Wilcox 4,666 
26 Wilcox, Bartlesville Pen-Ord 8 Por | 50] A 3 | Arbuckle 4,542 
27 Hunton-Cromwell Sil, Pen | S,L | Por| 30] y y | Wilcox 4,225 
28 Various 42 Pen, | 8, SL} Por 9) it) oA y | Arbuckle 4,243 
r 
29 Earlsboro-Wilcox Pen-Ord y y yi y 97 | y y 
30 y y y y y|y y\y y 
31 Hunton Sil L A Wilcox 4,680 
32 Wilcox Ord S | Por} 10] A | None | Wilcox 4,650 
33 3 Wilcox Ord $ Por | 25| A 4 | Wilcox 4,225 
34 Wilcox Ord ) Por y | AF 4 | Arbuckle 7,000 
35 Burbank Pen S |20-25) y | ML uly y 
36 Bromide, McLish Ord 5 Por y | AF y | Arbuckle y 
37 Hunton Sil L | Por | 250) AF Arbuckle y 
38 Oil Creek Ord iS) Por | 10} AF Arbuckle y 
39 Wilcox Ord $ Por y | AF Arbuckle y 
40 Deese Pen S 30 y| A 27 | McLish or Oil Creek | 8,105 
41 a|oz Simpson Ord s Lz z | AF 1 | Simpson 8,105 
42 Various co 8, L | Por y | AF yly y 
43 Cleveland Pen S Por y| M 4 | Wilcox 5,002 
44 Glenn, Wilcox Pen-Ord S Por y | ML y | Arbuckle 2,964 
45 y | 1.0 | Deese Lower S |28-30)45-70) A ne Dornick Hills 5,108 
Pen D. 
46 an || ie Wilcox Ord 5 Por | 25] A 1 | Wilcox 3,500 
47 Hunton, Simpson dol-| Sil, Ord SL y ae yly y 
omite : 
48 ala Hunton Sil L Fd ol AB. Wilcox 4,860 
49 a\|z Various Pen-Ord | SL | Por z| AF | 173 | Arbuckle £, 
50 Belew Hoxbar Pen S /15-20) 50] AF 77 | Arbuckle x 
51 Burgen-Siliceous lime | Ord 8, Dol} z 50] A y | Arbuckle 3,206 
52 Bartlesville Se E y| A y | Arbuckle 2,857 
53 1st Wilcox or y| ¥ yly y 
54 Various Pen-Ord | SL | Por y | AF y | Arbuckle 3,761 
55 y|y Layton Pen S | Por vy y\y y 
56 McLish Ord Sy) Por y | AF y ly. y 
‘BT y | 2.2 | Wilcox Ord 8 x 50 | D y | Wilcox 3,700 
58 y\y Misener-Hunton ae Sil ae y {15-20} A 14 | Wilcox 4,483 
Hunton y pa Maat d yy. y 
a Wilcox Ord S Por CA ob 0 | Wilcox 4,267 
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TaBLE 1.—(Continued) 


nnn nee LEE EEE 


Area Proved, Acres Total right eee 
Field, County oa 
on i 
5 28| oi | and | Gas | Total | 7538 Alegre 
= Gas? 
g dc. 
Zz ee 
rv) og 
E a 
61;)| Langston, Doganseipe gn. < te -e.« site Sata 3 160 160 227,000 99,000 
62 | Lincreek, Lincoln-Creek..............0..0-20-05+ 21 160 160 y| _ 126,519 
63 | Little River, Seminole.............csccsececeees 10 4,900 4,900 | 106,616,430} 5,088,639 
64 | Little River, East, Seminole..................... 9 640 640 | 15,655,463) 302,097 
65:,| Lovell: West; Logan. .sttsces Aca ates eee ee 1 20 20 39,388 
Lucien: Noble 
66 Bast; Misetter aapstazie:svsiav cera vee eo Sack notes 2 110 10 73,362 36,744 
67 Viola; Sesaratrot oakene srs neni eee arate 2 10 10 88,260 36,563 
68 North... ait 10 10 10,436 
69 Lucien. . 14 2,660 2,660 11,284,026} 3,915,000 
70 | Marshall, Logan. ..|10 700 | 240 940 y| 273,746 
71 | Maud, Pottawatom Seminole. Ss 1,440 1,440 10,848,000 416,000 
72 | Meeker, Lincoln............. 1k 10 10 8,052| None 
73 | Mission, Seminole. ..|10 y y y y 1,126,337 
74 | Moore, Cleveland. . a 2 800 690,130 249,082 
75 | Naval Reserve, Osag 9 2,720 160 | 2,880 9,552,128) 3,066,914 
76 | Nicoma Park, Okiahoma....... 7 y y y y 496,867 25,585 
Oklahoma City, Oklahoma 
17 Wileox?? cao hepa dea detcios ane ae oe 7 6,900 6,900 | 240,778,299) 43,997,824 
78 Lower Simpson. . . ..| 8 | 10,000 10,000 89,604,131] 8,196,061 
79 Cleveland... . 8 80 80 1,365,215 607,588 
80 Arbuckle 8 570 | 1,020 0 1,590 17,501,354 48,711 
81 Highley.. 4 10 10 201,186 52,024 
82 Total... 17,560 | 1,020 28,680 | 349,450,185} 45, 525, 208 
83 | Olympic, Hughes-Okfuske 3 3,500 3,500 2,913,306 117,898 
84 | Otoe City, Noble ait 6 10 10 y 4'870 
85 | Otstott, Kay aw t9 3,300 3,300 y 228,441 
86 Papoose, vee cat Okfuskee. os f13 2,400 2,400 23,145,000 446,000 
87 | Pettit, Osage... .|17 380 380 y 40,591 
88 | Polo, N oble... 3 390 390 2,304,759| 1,160,000 
SO}! Ponca: City, Kay rsa icisisers sipieis(e srotniervaeisieie selene 1,670 1,670 y| 112,978 
90 | Ripley, North, Payn ; 90 90 y y 
91 | Robberson, Garvin. . 1,480 320 1,800 12,370,000 400,000 
92 | St. Louis, Pottawatomie-Seminole.............0.. 11 7,300 7,300 | 103,800,765) 8,138,521 
93 | Sasakwa, Seminole.............. vel @ 560 560 7,435,965 292,015 
94 Fast, Wilcox. . . a) y y 322,140 18,657 
95 Townsite. . jl 4 120 120 1,553,331 536,798 
96 Searight. . {11 1,300 1,300 31,561,337] 1,047,013 
97 Searight, orth, Seminole. . .| 3 310 310 1,291,489 336,158 
98 | Seminole City, Seminole. onal 3,640 3,640 115,262'617 3,993,448 
99 | Seminole, East, Seminole ape 510 510 5,546,271 441,008 
100 | Seminole, West, Seminole 7 260 260 ,640, 1,260,000 
101 | Shawnee, Pottawatomie.... eal 8 500 500 357,749 120,136 
102 | Sholom Alechem, Carter, Stephens. . {13 4,180 220 | 4,400 31,490,000} 1,417,000 
103 | Stillwater, Payne................ cal 2 120 120 309,000 39,000 
104) Latins, Carter can resins eos heeien Seales 10 2,230 0 0| 2,280 | 14, 580, 000} 1,743,000 H 
LOB Woman, Kays: sa demtegiinwnchcrers walettarcte aetetantelan 13 140 140 y 101,119 
106 | Tipton, Jackson 2 7] 20,117 
107 | Tipton-Arbuckle, Jackso: 1 280 ! : 280 21 1,180 
108 | Tonkawa, Kay, Noble. . 2,300 2,300 y| 1,208,417 
360 360 503,436 y 
920 920 y| 280,378 
y y y y y 
112) | Watohorn, Patonas ma encse see oan mair nica aces 21 0 | 320 0 320 y 116,792 
113 | Wewoka and Wewoka Townsite, Seminole........ 14 2,150 2,150 y| 1,323,796 
114 | Wheeler, Carter................. kil eet Ra ee 21 540 0} 160 700 1,177,000 38,000 
LIB wh Wilastta; LAncolns caamateecu det occu ches eee 3 200 200 398,000 112,000 
116 Zimmerman, Tinos ON cece oe ates oes 1 10 10 y ; 
LE7A|) Matiathon; Noble; ces aes. ove. kk ce eee 2 y y y y 73,835 42,175 
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TABLE 1.—(Continued) 
ag ce a a 


Total Oil Production, Total Gas Producti ° 
Bbl. Millions Ga Number of Oil and/or Gas Wells 
During 1936 At End of 1936 
; Daily 
Sol peasy) avers = be 
uring Ps) Zh agcks Go} Zz ta Ee bo 
g Nov. 1936] 5 co igo | | 2 | eS) eee | BE] Oe 
4 =) Pro Po |B PolBsol & ao) Bs || Srey NE ein) ES = 
2 Ais |e | po (Ham leho| g 8 | gS | sr |\sS%\s2| 38 
| of 5m BS 1SASl60e 8 8 =P os S85 Ss ra 
s EPS eye) ieshsh SLSR hei rs) eet Niece Ie go} oh 
a 55,000 130 3 3 
y y y y y y 
63 | 4,617,456] 11,878 Pe lente leet benny ; 
64 398,586] 1,110 y y| sy y y y y y 
65 39,388 103 2 2 1 2 2 
66 36,618 100 1 0 0 | 0 1 1 
67 36,472 96 1 0 0 0 1 1 
68 10,436 0 1 1 DY | 1 1 
se 4,401,926] 12,268 91 13 0 0 91 91 
y y y y| oy y 
71 340,000 900 rs 70 
72 None None I 0 0 0 0 0 0 0 
73 888,860] 2,187 y yl vly y yloy y 
74 441,048] 2,173 11 10 Wo 11 0! 0 11 
75 | 2,708,014 6,924 y 60 | None} y y y y y 
76 20,998 57 2 0 0 0 2 0 0 7} 
77 | 42,688,205} 115,625 y TEN SB Ny 661 661 
78 | 8,044,564) 24,587 y y y y 319 319 
79 537,751 1,119 y y y y 26 26 
80 80,202 273 y 0 y y 33 33 
81 45,768 108 y Oo; vyly 1 
82 | 51,396,490] 141,712 y y y | y |1,040 1,040 
83 | 2,795,408} 10,164 218 145 12 218 218 
84 y y y y 
85 y y y y y y y y y y 
86 350,000 800 80 
87 y y 
88 1,041,611 2,101 36 1 1 36 36 
89 y y y y y y y y y 
90 y y y AN RN y ell FB y 
91 500,000 1,500 0 0 0 0 273 0 5 0 198 0 12 210 
92 8,348,313} 21,918 y y 7] y y 7] y y 
93 426,292 1,058 y y y y y y y y 
94 303,483 1,011 y y y 7] y y y y 
95 308,727 626 y y y y y y y y 
96 829,194 2,208 UW] y y y 7] y y y 
97 908,337 2,628 y y y y y y y y 
98 | 3,760,630 9,965 y y y y y y y y 
99 1,096,271 3,571 y y y y y y y y 
100 | 2,048,000} 4,665 28 4 y y y yc Y 27 
101 209,510 648 
102 1,273,000 3,280 | 15,200 0 0 0 362 0 0 0 323 15 338 
103 270,000 550 6 2 0 0 0 0 6 
104 | 1,280,000 3,300 0 0 0 0 205 3 1 0 203 0 0 203 
105 y y 
106 y y 
107 211,180 1,173 
108 y y 
109 231,000} 1,700 i Bee Nee 30 | ey y 
110 y  y y a ei a y pal ay y 
111 y y y y y y y y y y 
112 y y y y y ] y y y y 
y ll ae i ex y i a} y 
113 y y y y y Ne y 
114 39,000 130 500 0 0 0 105 3 0 0 73 0 0 73 
i 45,000 400 ~ y y y y 4 ] y y 
eee ai eCle |  alees 
117 31,660 66 1 ONO 20 1 0; 0 l 
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TABLE 1.—(Continued) 


: . Character of Oil, Approx. 
Depth, Average in Feet Oi F ppl ethows ey Pressure, Lb. per Sq. In.4 | “4 verage during 1936 
ity A.P.I. 
Number of Wells Average at End of sesh ne F. 
. | Bottoms of | To Top of 3 25 
8 | Productive | Productive & y| Initial g = 
g Wells Zone bo a| ao | g = & a 
5 we | 2 le |» A SISE 1935 | 1936 | 8] g |Be|30/ . 
Z a= i fede Spel Bisites a lea (esles| & 
g 8] § | 8) sls 2/8 Salsa] 2 
4 ele |o|s S44 = |S e<e"| 8 
61 5,145 5,100 3 z | el,031 y |z |z [40 jz | M 
62| 3,700 y y Ee alae 'h.|| ae Al oes y y y 32 ly y 
63 y y y y|] vy} vy] vy} y 7] y y 39 |y y 
64 y y y Ya va | ews y y y 36 ly y 
65 6,150 y y Yi) Se ae Seay y y y 40 |y y 
66| 4,982 4,972 1 y y yly ly jy iy y 
67| 4,983 4,970 1 y y oxy | Caw ye y 
68| 5,389 5,373 1 0} 0} 0} O| O |} e2,200 2,200 |y ly |y ly y 
69} 5,200 5,000 55 26/10} 0} 0} 0 y y y. 42 |y y 
70 6,039 3,900 y y| yl yl yl yt 1,950 y y 40 ly y 
71 4,140 4,130 70 e1,000y 50y 50y 39 |0.35| M 
72 5,461 5,455 Pool abandoned 0 y 0 Oly ly (32 ly y 
73 y y 2 far gale oe y y y 39 ly y 
74| 7,291 7,245 11 0} 0} O|] Of} 0 47 
1% 2,650 2,590 y Xo) Py y y y |39 [37 |389 ly y 
76| 6,200 6,140 0 256 20:[ ORO 0 y y y 39 |y P 
77 6,500 6,350 y vy) vy} yv| yy} y | e2,600 y y 39 ly 
78 6,500 6,200 y y| y| yl yl y | e2,660 y y 39 |y 
79 5,850 y y Uy) 2) val ely y y y 40 ly 
80 6,500 6,100 y 01 ee aw y y y 
81 6,659 6,650 y 2) Cyl al Fae gb 1,000 
82 y Ol yan cyl sy 
83 1,750 1,680 y yy) cul gery g y y y iy jy js4 ly y 
84} 3,310 3,280 
85 3,475 2,400 y PW i | at Sara ay y 7] y 39 ly y 
86] 3,320 3,310 80 37 |0.1| M 
87 y y 36 
88] 4,900 4,823 1 34 1 y y y 144 |40 P 
89 y y yy ee | gay oy y uv y 38 jy y 
90 4,259 4,199 y eb eg Spalewal a y y y 43 ly y 
91 1,400 1,300 |None} 210} 0} 0O| 0 600 yv y |33 |25 |28 M 
92 y y y va) wala) y y 7] 39 |y y 
93 y y y 2 ae va ey y y y 37 |y y 
94) 4,136 y y yy a oa ey, y yv y 37 |y y 
95 y y y UN) ey oval oy y y y 37 |y y 
96 y y y oy) |) only y y y 38 ly y 
97| 4,600 y y vy} yl viey y v v 32 |y y 
4 4,150 4,100 y y| yl viy y y y y 
y 7] yu 2) oe he gale oy y y y 39 ly 
100) 4,115 4,085 27 e 500 Je 75 |e 50 40 M 
101) 4,457 y 34 
102) 3,300 2,900 0 | 388/10] 0} 0} O} 760 0 0 |35 |27 |32 jo | M 
103] 4,306 4,300 6 e1,700 | e1,500 |e 950 |40 |40 |40 M 
104] = 2,400 2,250 0: | Aly 204) ONOs: 107 75 0 0 |31 |21 |28 |o M 
105 7 y y Vil v | wry y 7] y 41 
Pe 2,635 2,595 y Wh eat ean aay y y y 40 
y y Play y y 40 
108 4,216 1,819 y v\loy 4 y y H 42 
109 2,700 2,200 y Oh Oo eh oe y y y 26 
110 y y y vp | vay y y 7] 40 
111 at y y BP | ey y y y y ly 
Wilcox 
4,100 
Layton 
112) 2,750 x y yl eo yaleg y y y 41 
y y y vo) AY oiled y 
113 4,100 3,200 y eee vale y ; ; ae 38 
114 1,050 1,000 0 All 0} Os 0)) 10 300 0 O]21 1175/2610 M 
115 4,290 4,240 4/} y y e1,977 40 |39 |39. M 
116] 4,358 4,338 0 140 0 y ? y vs sic 
117| 4,480 4,446 0 1} 0] O}] O} Of 1,665 z zilylyly ly y 
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TABLE 1.—(Continued) 
ce Se cree cr ea 


i D 
Sorasiar or Producing Rock pe 
Gas, Approx. 
Average dur- 
ing 1936 >3 
a8 
S bo 
. ; g-emiays 
4 $3 Name Ages > . gS]. ls = 8 Name +3 
+) 8 Bos A Sea en eS we Ben yen 
Z|. B/C ae 2 |= |Se| 2 sss ae 
© |3en5|a 05 q 6 |.8] 8 gag 2s 
|x BO B80 | 5 |ea] & ke | aS 
a lea 1S) a nm a? AH 
61 “2|2 Wilcox ; Ord 8 Por oa A 0 | Wilcox 5,24 
a y\ly Wilcox Ord S Por Yay yly : ; 
y y y y y y 
64 Cromwell-Wilcox Pen, Ord] 8S | Por y 4 y : 
65 Wilcox Ord S| Por yl y yly y 
66 Misener Mis 8 Por y| y y\y 
67 Viola Ord L Por yl oy y\y y 
68 Wilcox Ord L-S | Por yloy Yiy y 
69 Wilcox Ord L-S | Por y|ey yly y 
70 Various Pen, Ord} S Por y| y y ly y 
71 a\ Misener-Hunton Miss-Sil | S-L | Por} 10] A 33 | Wilcox 4,330 
72 Wilcox Ord 8 Por 6] y y\y y 
73 y , ] y y y| y y\y y 
74 2nd Wilcox Ord 8 Por A yly y 
75 MN aD Burbank Pen s e y| y yly y 
76 Trospex Pen 8 Por | 12) ML 3 | Wilcox 6,404 
77 Wilcox Ord 6.2225 y| y yly y 
78 Lower Simpson Ord S | Por ae) yly y 
79 Cleveland Pen 8 Por y| oy y ly y 
80 Arbuckle Cam, Ord| L Cav y| y yly y 
81 Misener Pen iS) Por y\ oy y ly y 
82 y y 
83 yly Senora-Colvin Pen rs) Por y| y y | Wilcox y 
84 Layton Pen 8 Por Z| y y\ly y 
85 Stalnaker-Oswego Pen SL y y| oy y\ly y 
86 al) Cromwell Pen iS) Por} 10] A x | Wilcox x 
87 Various Pen-Ord | LS | Por yi y yly f y 
88 a | @ Simpson dol., sand Ord SD | Por| 45} A 5 | 2nd Wilcox 6,446 
Per-Mis- 8 Granite Basement 
89 Various Ord S y y| oy y\y y 
90 Wilcox Ord § Por y| y y ly ry y 
91 Oy L Pontotoc-Simpson Per-Ord SL y y ‘ € 37 | Ordovician 4,275 
92 yly Hunton-Simpson Sil-Ord LS | Por y| y y ly y 
93 yly Cromwell-Wilcox Pen-Ord 8 Por y| y uly y 
94 y|y Wilcox Ord iS) Por y| ¥ yly y 
95 y ly Wilcox Ord 8 Por y | y y ly y 
96 yly Hunton-Wilcox Sil-Ord SL. | Por y| y uly y 
97 yly Wilcox Ord Sy) y yl} y yly y 
98 yly Wilcox (Simpson) Ord S) Por y) y y ly y 
99 y|y y 7] y y y| y y\y. y 
100 4.8 | Wilcox Ord 8 PB 30 | A 1 | Wilcox 4,150 
101 Earlsboro Pen S| Por yl] y UA Aa : y 
102 0/0 Deese Pen 5 30 | 40} A 54 | Dornick Hills 5,115 
103 Wilcox Ord s Por 6| A 0) Wilcox 4,306 
104 Deese-Dornick Hills Pen iS} 30 60 | AM 36 | Dornick Hills or 4,250 
DL Spry 
105 Various Hae Mis,| SL | Por y\- 2 y ly y 
106 Not determined ? L Por y | 2 y\y y 
107 y y y y y y yly y 
108 Various Pen-Ord 5 Por |) ee y ly y 
109 Deese Pen 5 Por y| A y ly y 
110] Stalnaker Mis § Por y| 2% y\y y 
111 Simpson ; Ord 8 Por ys yly y 
112 Wilcox-Layton Ord-Pen iS] Por y | ¥ y\y y 
y Yin an ey yl] y y ly y 
113 Cromwell-Hunton-Wil- aot Sil, | SL | Por yl oy y ly y 
cox 
114 Pontotoc Wve SS) y A 15 | Penn 3,900 
en ” 
115 | 1,440 | 3 Hunton Sil L x 50} A 0 | Wilcox 4,520 
116 ' Hunton Sil L y 20 | y y ly. y 
117 rota | er Wilcox Ord 8 Por| 34] A 1 | Wilcox 4,518 
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pay found in the discovery well. Later the discovery well was deepened 
from 7291 ft. to 7318 ft., for a 35,000-bbl. producer. The Anderson- 
Prichard State No. 1 well in the north part of the pool was completed in 
September with a gas volume of over 200,000,000 ft. Ten wells were 
completed during the year. The close of the year found the pool practi- 
cally defined on all sides except to the north, where further development 
will be made. 

Oklahoma City.—The Oklahoma City field, which was given a revival 
in October, 1935, with the discovery of Wilcox production in the Capitol 
extension area, carried on a spectacular drilling campaign when a city 
election threw open previously restricted areas in the north part of the 
pool. Salt water soon defined the north part of the pool. Initial bottom- 
hole pressures in the extension area were approximately 500 lb. as com- 
pared to the 2600-lb. estimated original bottom-hole pressure in the south 
part of the field. Several producers were completed near the east fault in 
the Simpson below Wilcox series. Practically all of the wells in the 
Capitol extension area were completed with pressure drilling equipment. 
At the close of the year several drilling wells were seeking production in 
the Simpson dolomite above Wilcox horizon in the north part of the 
extension. Hydraulic pumping equipment was installed in 15 wells dur- 
ing the year. Submergible electrical centrifugal pumps in combination 
with gas-lift proved successful in lifting large quantities of oil. Many 
exhausted oil wells were plugged back to make gas wells in the Oswego, 
Layton, Prue, Oolitic, Hoover and Tonkawa horizons in the old part of 
the field. 

Edmond Pool.—Thirty-seven wells were completed in the Edmond pool 
during the year. The Blackstock Oil Company’s Tegtmeyer No. 1 in the 
NE. 14 of the NE. 14 of the SE. 14 of sec. 36-14N.-4W. extended the pool 
to the west with an 8200-bbl. well in October. Many inside locations 
were drilled. Shooting helped many wells. Water encroachment 
menaced the north end of field. 

Crescent Pool.—The Crescent pool in Logan County surprised every- 
one in 1936 with large producers from wells drilled to the second Wilcox 
sand. The Continental Oil Company’s McConnell No. 2 well, in the 
SE. 4 of sec. 28-17N.-4W. produced only 250 bbl. per hour in the first 
Wilcox, but made 1685 bbl. in the first hour from second Wilcox. Several 
old wells were deepened from the first Wilcox. Twelve wells were com- 
pleted during the year. Operations at the close of the year were concen- 
trated on the west edge. 

Jesse Pool.—The Jesse pool was developed further in 1936 with 17 
producers. The discovery well, the Continental McCarty No. 1, was 
deepened from 4641 to 4693 ft. and made 946 bbl. in one hour. 

Greater Seminole Area.—The Greater Seminole area remained active 
during the year. Production increased in many pools, owing to higher 
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allowables. The South Keokuk Falls and Keokuk Falls pools were 
merged when drilling operations connected the areas. Several excellent 
wells were completed in the East Seminole pool. The Allen pool was 
revived with several good Wilcox wells on the west side of the pool. 


TaBLE 2.—Summary of Drilling Operations in Oklahoma 


Location Initial Production 
per Day 
Total Deepest 
County | Sec. | Twp. | Rge. | Depth, Horizon Drilled by 
Ft. Tested ; Gas 
Oil, Millions 
Survey} Lat. | Long U. 8. Bbl. Cu. Ft 
1| Stephens..} 15 18. 4W. 415 Undetermined M. T. Cummings 3 1.5 
2) Payne....| 34 |18N.] 5E. 3090 Prue Deep Rock Oil Co. 15 
3 | Seminole. . 3 | 8N. | 8E. 3374 Cromwell Van Deventer 15.887 
4|Lincoln...} 28 |14N. | 5E.| PB. ag Skinner Texas Company 1.9 
4188 
5 | Okfuskee..| 21 |13N.| 7E. 4143 Hunton Wm. J. Sherry et al. 10 
6| Kiowa....| 34 | 7N. | 17 W.| PB. ne Undetermined W. C. Adams et al. 25 
47 
7| Jackson...) 32 | 1N. | 19 W.| 2654 Cisco Gulf Oil Corporation 2100 
8 | Carter... 2 1-48. 2W.| 1016 Undetermined Schermerhorn Oil 6 
9| Hughes...) 11 8N.}] 9E. 3454 Booch M. H. Halsey if 
10 | Kiowa.... 2. |.6N. | 17 W. 458 Undetermined Burris & Moore 5 
11] Lincoln...| 35 |15N. | 25. 5243 Wilcox Stanolind 25 3 
12}Logan....| 20 |18N. | 4W.] 6145 Wilcox Stanolind 1045 40 
13 | Logan....} 23 |15N. | 3W.| 6204 Simpson dolomite} Sinclair Prairie 651 
14| Comanch}| 21 | 3N. | 10 W.| P.B. 1813 G. L. Pace 1 
4167 
15| Pontotoc..| 30 | 5N. | 45. 1946 Shale Mid-Texas 100 
16| Oklahoma.} 17 |13N. | 3W. 6695 Wilcox Sinclair Prairie 240 22.5 
17 | Caddo... . 2 | 5N.?) 9 W: 6367 Brown sand Marathon 1077 71 
18\| Carter....| 27 | 28. 3W.| 8105 Simpson Carter et al. 3309 
19} Seminole..} 35 |11 N. | 5 E. 4628 Wilcox Amerada Petr. Corpn. | 350 (21 hr.) | Not known 
20 | Seminole. . 3 |10N.} 5E. 4438 Hunton Amerada Petr. Corpn. 
etal. — 1036 Not known 
21| Caddo....) 35 | 6 10 W.| 6573 Unknown Magnolia 15,28 
22 | Seminole..} 32 | 9N. | 8E. 1900 Calvin Imperial Drill, Co. 
23 | Carter... . 6 -| 58. 1W.| 4191 Oil Creek Texas Company 18 
24| McIntosh.| 9 {19 14 4525 Wilcox-Gilcrease | I. T. I. O. 1 
P.B. 2731 Inches 
25 | Pontotoc..| 16 | 5 6 3016 Hunton Pioneer O. & G. Co. 
P.B. 2760 
26} Noble....} 31 /21 2 W. 5389 Wilcox Shell et al. 1815 4 
27 | Garvin... 5 1 4 3 3018 Hunton C. E. Carter et al. 143 
28} Lincoln...| 10 {12 5 4358 Hunton Amerada Petr. Corpn. 320 
29 | Lincoln 2b 1 3 Unknown Skelly Oil Co, 
30} Lincoln...} 28 |17 5 Unknown Fleetborn__ 
31) Hughes...| 11 7 8 1842 Senora Olympic Oil 35 
32] Payne....| 29 {19 5 3802 Wilcox Amerada Petr. Corpn. 195 
33 | Seminole..| 36 |10 if 3638 Cromwell Amerada Petr. Corpn. 235 30 
et al. Barrels 
34] Noble....| 21 |23.N. | 2 W. 4258 Wilcox Phillips 661 in 28 5.5 
min. 
35| Pontotoc..| 28 | 2N.| 7E Oil Creek Magnolia 


1 By heads. 


Olympic Pool.—The Olympic pool was the most outstanding shallow 
pool in the state during the year. The pool, which was opened in Hughes 
County, was extended into Okfuskee and Seminole Counties by a steady 
northward march; 145 wells were completed during the year from the 
Senora sand of Pennsylvanian age. The sand is found at around 1700 to 
1800 ft. At the close of the year the pool was being extended towards the 
North Olympic pool, which was discovered in the early part of 1936. 

Wildcatting.—Wildcatting in general was disappointing during the 
year. Eighty per cent of the strictly wildcat tests were failures. Deep 


440 PETROLEUM DEVELOPMENT IN OKLAHOMA IN 1936 


tests were dry and abandoned in Marshall, Love, Carter, Jefferson, 
Stephens, Caddo, Coal, Garvin and Roger Mills County. The Indian 
Territory Illuminating Oil Company’s test south of Frederick, in Tillman 
County, created much excitement as a prospective pool opener, but 
water intrusion soon dispelled hopes. Wildcatting is expected to be 
concentrated in the southern and southwestern parts of the state in 1937. 
With deep tests seeking Ordovician pays, other wildcat tests will be drilled 
in southeastern Oklahoma, along the Nemaha trend in northern Oklahoma, 
and the northwestern part of the state. At the end of the year, the Carter 
Oil Co. was drilling a well in the north end of the Erick gas field and had a 
show of oil, which was thought to be coming from the Granite wash. 
Previously, the Erick field had produced only gas. 

Water-flooding.—The activity in water-flooding as a means of second- 
ary recovery in the older oil fields increased in 1936. Forest Oil Co. 
completed its operations on 160 acres in the old Nowata pool, and during 
a short period recovered oil from the 160-acre flooded tract at the rate of 
3200 bbl. per day. At the end of the year, a large number of water- 
flood projects were under way in Nowata, Rogers, Osage, and Tulsa 
Counties. The engineers in the industry are solving many of the accom- 
panying technical problems, and it appears that 1937 will see many more 
secondary recovery projects under way. 

Gas Repressuring.—One of the outstanding secondary recovery proj- 
ects was commenced during the year 1936 in the North Avant area. 
The Sinclair Prairie Oil Co., Phillips Petroleum Co. and Wolverine 
Petroleum Co. unitized a block of about 5000 acres, comprising more than 
300 wells. Each of the companies assigned interest in the block which 
they owned in entirety to the other interested parties, so that the interests 
of each in the entire block were as follows: Phillips Petroleum Co., 41 per 
cent; Wolverine Petroleum Co., 29; Sinclair Prairie Oil Co., 30. 

This operation was given approval by the Osage Indian Agency, and in 
order to encourage secondary recovery methods by this group the Osage 
Tribe reduced the royalty rate for a short period. The royalty interest 
under this unitized project presents no difficulty, as the Osage Tribe owns 
the oil royalty under the entire tract. 

This is probably the first major secondary recovery project in which 
there has been a complete unitization of operating interests and 
royalty interests. 

Many other gas repressuring projects are being carried on in north- 
eastern Oklahoma, particularly in Osage County. 

South Burbank Unitization Plan.—The unitization of the South Bur- 
bank field was an interesting development in the year 1935. The unit 
block comprised about 2400 acres and includes practically all of the 
producing acreage, save one or two leases. The producing formation is 
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being repressured with the gas that is produced along with the oil. 
Bottom-hole pressures have declined but little during the current year. 

General.—The disposal of salt water is rapidly becoming one of the oil 
industry’s principal waste problems. It has been reported that bills will 
be introduced in Congress bearing upon the disposal of waste from oil 
fields. At the 74th Congress, the Lonergan bill was introduced and 
hearings were held on it in February, 1936. The oil industry is going to 
be called upon shortly to face this problem and to determine what is to be 
done with the salt water that is produced with the oil. The U.S. Bureau 
of Mines has made one report on the Ritz-Canton oil field, in McPherson 
County, Kansas. It was found that more than 16,000 bbl. of salt water 
was being produced per day with the oil from this field. In the Fitts pool, 
EK. H. Moore Co. has drilled a well across the Stonewall fault in the 
northwest corner of sec. 8, T. 2 N., R. 7 E. It was intended to use this 
well for a salt-water disposal well, by pumping the water from the Fitts 
pool to this point. 


ACKNOWLEDGMENTS 


The authors desire to acknowledge the assistance of Mr. W. J. Arm- 
strong, of the Corporation Commission of the State of Oklahoma, and the 
records and data made available through his courtesy. The authors also 
acknowledge gratefully the assistance received from the following con- 
tributors: Lee A. Adams, Sinclair-Prairie Oil Co.; C. W. Tomlinson; 
Don R. Gearheart, Sinclair-Prairie Oil Co.; L. F. McCollum, Carter Oil 
Co.; C. H. Pishney, Amerada Petroleum Corporation; Merritt H. Brown, 
Darby Petroleum Corporation; R. W. Byars, Phillips Petroleum Co.; 
G. H. Beaulieu, Osage Indian Agency; C. G. Carlson; Dwight Thornton, 
Shell Petroleum Corporation; R. B. Roark, Shell Petroleum Corporation ; 
E. N. Kemler, Gulf Oil Corporation; J. D. Wheeler, Ohio Oil Co.; and 
L. L. Foley. 


Gas and Oil Development in Northwestern and Middle 
Pennsylvania during 1936 


By J. G. Monraomemry, Jr.* 


AN increased drilling activity was apparent in the shallow sand fields 
of northwestern Pennsylvania during the year. This drilling, however, 
was confined to previously outlined productive areas and as new shallow 
sand pools of interest were discovered. 

Drilling for Oriskany gas proceeded at about the same rate as in 
previous years. One new area in Kinzua township, Warren County, 
was opened up during the year by a producing well, but later this well 
developed salt water and the productive capacities of the area are very 
indefinite at the present time. 

Production from the shallow sand areas remained approximately the 
same as in 1935. Production from the Oriskany or deep sand areas 
increased approximately 20 per cent. 

Two new markets were made available for the Oriskany gas during 
the closing months of the year by the completion of the Peoples Natural 
Gas Co. line from the Hebron field to Clarion County, Pa. and Penn 
York Gas Co. line from the Harrison field to points in northwestern 
New York State. 

With the exception of the Kinzua well, the few deep wildcat wells 
drilled during the year failed to discover new fields in the deep sands. 


BrapFrorp O1L FIELD 


The accompanying data on the Bradford oil field include only the 
production obtained from the portion of that field that is in the State 
of Pennsylvania, for it appears probable that Cattaraugus County 
production, which consists mainly of the New York State portion of the 
Bradford field, will be included in annual oil production figures for 
New York State. The Bradford field production for 1936 totaled 
14,533,000 bbl., and as it is necessary to estimate New York State 
production for the Bradford field, the accompanying data includes 
the production from the Pennsylvania end of the Bradford field of 
13,208,000 bbl., which is an increase of approximately 8 per cent over 
1935 production. 


Manuscript received at the office of the Institute March 5, 1937. 
* Superintendent and Chief Geologist, United Natural Gas Co., Oil City, Pa. 
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Estimates of well completions included the entire area, or both the 
New York and Pennsylvania portions of the Bradford field. Insufficient 
data were available to permit an accurate segregation of well completions. 

Only two changes in crude prices occurred during the year, marking 
1936 as a period of extremely stable prices. The price of crude varied 
from a low of $2.30 to a maximum of $2.57, and for the 350-day period, 
Jan. 13 to Dec. 28, the price was stabilized at $2.45, with a weighted 
average for the entire year of $2.446. 

Changes in operating procedure and technique included gradual 
improvements rather than any completely new discoveries. The most 
important development in procedure consisted in the installation of 
chlorinating and other chemical treatment of the water used for flooding. 


TABLE 1.—Oil and Gas Production in Northwestern and Middle 


Pennsylvania 
SS Te ee. ti a aa eae ae 
Total Oil 
Area Proved, Acres Production, 
Bbl.3 
see, 
5 ears 
Field, County to En A 
of 1936 Oil 
3 i To End of 
4 Oil ae Gas | Total “19362 o 
A 
2 
| 
NorTHWESTERN PENNSYLVANIA 
1 Harminpton. ta t0g0 octace yr con tate ee RR rer rhe ors aes Pines 7 0) *0 y y 
2 Sabinsville, Tioga... . 2 0; 0 y y 
3 Lebron POs Gh Sere cssrsvteco anern e mied e Ae y-serayoielonals(s Sielote ie 4 0} O y y 
4 Dilichune olen sesas tee ela nee iene voor. 3 0; 0 y y 
5 (Harrisons Oller. Piste, «cl lees Setter ware ere eee oor 2 0} Oo y y 
6 CHGPLOT Sete ees Pe oo he tee a dala steels y 
a (OLEH BOS cd eat eee fee Boe aeRO y 
8 [Nae oO Sin Dp Ot RRR CR ee corn y 
9 | OP GSTS ele Pr eset i Pes SOTO Ro ec RCE y 
10 GIR ay Die Bee ene Ua pets COR eoOee Eat oon mer en ce cee y 
11 UIE Nei MANE Ri eine ips tas or ee Sta 62 75,258] x £ z | 329,476,cr2r 
12 WEAGRGO Soe er I eT Ee One esi ee eo y 
13 “i oe 2 eae oto Re oe ois SRB aE Sent Cones y 
IDDLH PENNSYLVANIA 
14 TB URL One Seve rte arsne se varat al ost a epee ane ore ays Ts/Mejayeyetrnatecats, « 23 to 68| 66,000 
15 CUR BON eee RAAT Ot iers av stats BietSyo, oie reyes ej se ous ar Te aay 48 to 67| 20,000 
16 OUT UM ae Ve IES SCeIDO O OOCE EOC 14 to 77 6,000 
1 ii ee is ects np Mate oat iaal hn oe obo a Siake 11 to 53) 12,400 
is TEAR OSL Boake Ge crstaba rice Ao lah yas Re Ryton ak ta; a2t away eyelet 52 to 72} 22,000 
: EWE EINC CMS vais EIS ct oye oe: ie pM Re wo ais aya gst 26 to 56} 15,000 
20 Vode. Are SR Mn ee RP eee 49 to 77| 84,000 
21 SwaiW annen. 2nisentts octet =~ Wade teehee oiled ves ae 17 20,000 
22 Glarendoss I ar nen: cece: Sette cre clste ooaeke sete colplaysleieinr 15 to 77| 29,000 
23 GATED Baie, & Sr Aen een Gen CN ntE Caterer neers 274,000 


« Footnotes to column headings and explanation of symbols are given on page 291. ; : 

1 Acreage taken largely from compilation of Pennsylvania Geological Survey and revised by private estimates. 

2 Figures of oil production for individual districts or counties are not available and any estimate made of the total produc- 
tion for any district might be so inaccurate as to be misleading to anyone interested. 2 

3 Acknowledgment is made to the Oil City Derrick for the figures on production and well completions. 
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Mip-PENNSYLVANIA 


The activity begun in 1935 continued through 1936 and with an 
increased rate in some localities. More producing and pressure wells 
were drilled than for several years previous, and these, together with the 
results of development in 1935, accounted for a total production of 
2,939,200 bbl. in 1936, compared with 2,690,950 bbl. in 1935. In spite 
of the increased production in this section as well as in the Bradford 
field, stocks of crude decreased during the year and the new year begins 
with a healthy statistical position. 

The price of crude, which is the controlling factor in this area, remained 
stable during the year at $2.42. An increase of 15¢ to $2.57 on Dec. 28, 
will add encouragement to the activity of 1937. 

The oil development in the Middle district was a continuation of the 
work started in 1935. A sizeable amount of acreage was drilled on a 


TaB_E 1.—(Continued) 


Total Oil Production, Bb? | Total, Gas Production, Number of Oil and/or Gas Wells 


During 
Daily 1936 At End of 1936 
? . Aver-| $& 
5 During During age 2 10 2 2 De 
oO > oo asl 
E 19354 1936 | during) + & @ |g5 |e 3 3 ge ws | eo we Ey 
ov. pat Galore srs 3 8/$A| 8S |8c |.88] <3 
Zz 1936] & | # | # |Beolesol & |B lke] 86 [852/8S\_4 
2 e | 2 | B (saeles8] 2 | 2 ge] Bs (Bsaled a2 
a = A |sR“1844) So |S ee eo eel eolsr 
1 32,939] 4,606] 3,419) y vl y oO} 0 
2 4,224 115} 4,109 = 12 9 0 0 B 3 
3 39,334] 14,627] 4,548) x 32 0} O | 32] 32 
4 36,418) 12,070} 23,900} 33 9 0} O | 33 | 33 
5 1,754 3} 1,751 Ed 7 5 0 0 i, i 
6 x 1,979} 2z z an zs) £ z| 2 
7 x 51 r r 2) y x = zi 2 
8 E 3,200 2 x 4) y z = = = 
9 r 222 x x y s/s 2) )2 
10 x 4,046 x x 27) y x F F 3 z 
11] 12,198,382 | 13,208,855] 36,800 2 1,408} x £ 3,207] y 36,cr2] x @) 2 
12 r 2,800 z FJ 27) y a) 6 - r 
13 x 1,120) = x 2) y a. < x x 
14 x 4c) y y 5,rra 
15 x Ol vl y 2,42x 
16 x 4y) yl oy 14axr 
17 
18 2,690,950 | 2,939,200) 8,030 = 3y) oy 4 eee 
19 7 2 
vi vl oy 6x2 
20 x Quy) ul oy 24,202 
21 x ly) vl oy : 
Rind 
22 x Su) ul oy 
23 


———s SESE 
4 Figures for counties are not available. Total production f istri i i 
M redaiad te te Di Cen Gera production for the district known as Mid-Pennsylvania, or Kane to Butler, 


5 Estimated, using as a basis a report of the Pennsylvania Statistical Department for 1934. 
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pattern basis for intensively applying air or gas repressuring. This work 
was particularly aggressive in the Oil City-Titusville area of Warren 
and Venango Counties. Less intensive measures were undertaken in 
the other areas, the results of which are not yet available. 

Water-flooding area was extended in the Clarendon field of Warren 
County, but no new large developments were started. Results of the 
work under way are varied, and it is too early to predict with any degree 
of certainty as to the general application of flooding in this sand. 

The coring of the various sands has become an established practice, 
both from an operating and valuation standpoint. A little progress has 
been made, both theoretical and practical, as to the relations of pressure 
and volume with permeability and the continuation of research on the 
fundamental principles involved will be carried on in 1937. 

Considerable interest was shown in wildcat territory. The tests were 
confined, largely, to the extension of known pools, some of which were 
successful, but the acreage opened up was small. The few tests drilled 


TaBLE 1.—(Continued) 


Oil Production 


Depth, Average in Feet | Methods at End Pressure, Lb. per Sq. In.4 Se eee 


of 1936 
Line Number Gravity, A.P.I. 
Num- of Wells Average at End of at 60° F. 
ber Bottoms of | To Top of ° ‘ie 
Productive | Productive q z, | Initial = 
Wells Zone acs g g 3 e| 8 
Pumping | -3 & 1935 1936 E pores | ee | ce 
28 ” q | Pe | ‘ag 
ae 2 | 2 |e=|24| 2 
1 4,200 4,170 y y y 
2 4,300 4,275 2,125 2,115 1,827 
3 5,200 5,185 2,140 473 357 
4 5,100 5,085 2,025 1,506 888 
5 5,000 4,985 2,140 2,110 1,973 
6 z z a x x 
7 x Es z z z 
8 x % x x x 
9 z 2 z E x 
10 z z x E x 
11 1,550 1,500 All W 3 or x 43 P 
12 a 2 z % x 
13 z 2 & x % 
14 | 1,100-2,400 y All’ |GA y | Pressure varies in each | 46.9.| 41 42 Trace| P 
: district from vac. to 
15 2,400 y All GA y | 10or201b. persq.in.} y y y Trace] P 
16° 980 400 & 800 All GAW y 45 43.5 |Trace| P 
P 
17 2,400 2,360 All Mp y 46 43 43 | Trace 
18 | 700 & 1,500 | 700 & 1,200 All GA y 47 43 44 | Trace] P 
iP 
19 |690& 950/650& 900 All A y 46.5| 44 45 | Trace 
20 1,000 450& 750 All GA y 43 31.7| 41 | Trace] P 
21 850 400& 800 All GA y y y 40.5] Trace] P 
22 1,150 1,100 All GW 7] 46 44 45 | Trace] P 


. 
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TaBLE 1.—(Continued) 


[nT _ n-ne ae 


Character of Gas, ; Deepest Zone Tested 
Approx. Average Producing Rock to End of 1936 
during 1936 
~2 
23 re 
3 3s KS = 
Gal. ;2 By <7 
¥ AAS Gasoline Narnia Ages = 3 z A 58 Name iS 
g | Cu. Ft. | Oo re So. |e ale oem 5 
4 r 3 = )e¢] 2 (225 4 
2 s | 81/38] 8 [saz = 
eo 
re! 5 re a) Ne al A 
1 Oriskany Dev s Por 30 AF y | Oriskany 
2 : : Oriskany Dev iN] Por 25 AF y | Oriskany 
3 y y Oriskany Dev NS) Por 15 AF y | Oriskany 
4 y y Oriskany Dev 5 Por 15 AF y | Oriskany 
5 y y {Oriskany Dev 5 Por 15 AF y | Oriskany 
6 y y Miss-Dev| § Por z z z 
7 y y Miss-Dev| S Por z z c 
8 y y Miss-Dev| 5S Por z z z 
9 y y Miss-Dev| S Por zr z z 
10 y y Miss-Dev| S Por z z z : 
11 y y Bradford Dev s 14.5} 40 A z | Medina 5,820 
12 y y Miss-Dev| §S Por z cs z 
13 
14 Venango group L_ Miss, Ss 12 25 | AMC z | Oriskany 4,857 
U Dev 15 35 
15 Venango group|L Miss,| Ss |+13 14 | AMC sly y 
and Lower Dev 
16 Venango ist &| U Dev Ss, 10 15 | AMC z | Queenston shale 4,619 
3rd Cong 25 40 
17 Kane } U Dev Ss 12 38 | AMC z | Queenston shale 7,930 
18 Venango’ group| U Dev Ss, 10 20 | AMC az | Salina 5,252 
and Lower Cong 25 
19 Berea L Miss Ss 15 12 | AMC xz | Helderberg ? 4,767 
20 Venango group U Dev Ss, 10 10 | AMC z | Queenston shale 4,619 
Cong 25 40 
21 Venango group U Dev iS ae 10 | AMC az | Medina 5,288 
3 40 
22 Clarendon Glade | U Dev Ss 10 20 | AMC az | Oriskany 4,689 
25 
23 


TaBLE 2.—Summary of Drilling Operations in Northwestern Pennsylvania 


Important Wildcats Drilled in 1936 


Initial Pressure, 


ph ig So pe 
r Day led ba 
Total | Surface Deepest F 
County | Depth, Rormation Horizon Drilled by | ——_ Remarks 
Ft. Tested 
Gas, 

Millions Casing 

Cu. Ft. 
1) Warren....| 4688 | Pottsville | Oriskany H. & C, Drilling Co. 2 1740 | Later Developed S.W. 
2 | Tioga...... 3690 | Chemung | Oriskany Penn United Dry Hole 
3 | Potter..... 6280 | Pocono Oriskany Godfry Cabot Dry Hole 
4 | Potter..... 5376 | Catskill Oriskany Godfry Cabot Dry Hole 
5 | Crawford..| 4465 | Pocono White Medina | Carnegie Gas Co. Dry Hole 


In Proven Fields | Wildcats 


PR Oow 


oe 


ee 
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in unexplored territory failed in their purpose of bringing in any new 
pools or deeper oil pays. 
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Oil and Gas Developments in Tennessee in 1936 


By Kenpatu E. Born,* Junior Memper A.I.M.E. 
(New York Meeting, February, 1937) 


Propuction of crude oil in Tennessee during 1936 approximated 
20,000 bbl., about the same as in 1935. Accurate figures are available 
only for the Glenmary field in southwestern Scott County and the Boone 
Camp, Seabolt, and Coon Hollow pools in north central Morgan County. 
Small amounts of oil were produced in the Poplar Cove region of eastern 
Fentress County, in Tinsleys Bottom along the line between Clay and 
Jackson Counties, and in the Lock Branch pool of northern Jackson 
County. The renewed interest in these three pools, which were aban- 
doned for several years, reflects the effect of rising prices for crude oil 
in Tennessee. Developments in these fields were begun late in 1936 
and therefore have had little effect on the production for the year. A 
number of small scattered wells in abandoned fields in Clay County were 
pumped intermittently during the year, but no production figures are 
available on this production. 

The acidizing of a number of wells in Scott and Morgan counties 
reported last! year has been responsible for an increase of nearly 4000 bbl. 
over 1935 in this region. Results have shown, however, that the Glen- 
mary pay (Glenmary and Coon Hollow pools) at about the top of the 
St. Louis limestone, responds more favorably to acid treatment than 
does the Boone Camp (Boone Camp and Seabolt pools) horizon in the 
Fort Payne formation of lower Mississippian age. This difference is 
probably due to the siliceous and argillaceous content of the Boone 
Camp pay. 

The only natural gas marketed off the lease in Tennessee during 
1936 was in Morgan County, where approximately 10,000,000 cu. ft. were 
furnished the towns of Sunbright and Burrville and the immediate vicin- 
ity. The gas occurs with the oil in the Boone Camp field and small 
amounts were put on the line from the near-by Coon Hollow and Seabolt 
pools. There are 11 gas wells in the area. 


DEVELOPMENT 


Although the presence of petroleum in Tennessee was noted more 
than one hundred years ago, this state has never been an important 


Published with the permission of the State Geologist. Manuscript received at the 
office of the Institute Feb. 13, 1937. 
* Assistant Geologist, Tennessee Division of Geology, Nashville, Tenn. 
1W. F. Pond and K. E. Born: Trans, A.I.M.E. (1936) 118, 350. 
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producer. Since the development of the first commercial oil pool on 
Spring Creek, in southern Overton County, in 1866, where 2600 bbl. of 
oil was pumped from the lower Mississippian at a depth of less than 
30 ft., the history of oil and gas development in Tennessee has been essen- 
tially a story of sporadic drilling with the development of small, short- 
lived, shallow pools. The small initial capital required for shallow 
testing has resulted in numerous wildcat drilling operations with little 
accurate field work to justify the drilling. Naturally this has been 
reflected in an unusually high percentage of dry and near-dry holes. The 
deepest production in the state is less than 1500 ft. and little is known of 
the possibilities of deeper horizons. This is especially true of the Cum- 


TaBLE 1.—Ouzl Production in Tennessee for 1936 


hes | Produp-| Namber Producing Rock 
S ‘ Years | tion in | of Wells Struc- 
S Field, County to End | 1936, | Pumped CGN pores turet 
g of 1936 Bbl. in 1936 Name Agef RC tEG ity’ 
ee) 
1| Glenmary, Scott..... 20 5012 4 Glenmary MisU L Fis AF 
2 | Boone Camp, Morgan. 12 154114 12 Boone Camp MisL | LS Fis is 
3 | Seabolt, Morgan...... 8 2250 4 Boone Camp MisL | LS Fis At 
4| Coon Hollow, Morgan... 7 7532 3 Glenmary MisU L Fis 7 
5 | Poplar Cove, Fentress....... 6 bra 3 Sunnybrook Ord L Fis N 
6 | Tinsleys Bottom, Clay-Jackso Ee 12 52x 8 Tinsleys Bottom | Ord L Fis A 
7 | Lock Branch, Jackson.............. 9 52x 8 Tinsleys Bottom | Ord L Fis A 


/ Footnotes to column heads and explanation of symbols are given on page 291. 


TaBLE 2.—Important Wildcat Tests Drilled in Tennessee during 1936 


Total Surface Deepest 
Well Name _ | County | ~ Location Drilled by oe A Pormation ee Remarks 
f e 


i ---.| Lent 4 miles south- | S. P. Lollar et |Drilling} Warsaw Produced some oil at 
ay iy west of James-| al. 407 to 410 ft. Being 

town 5 : G ines . 
Ripe tS) 3 miles west of | George Shwab | Drilling| Osage trong oil show in 
Beaty iss i Turners Sta-| et al. Silurian (Louisville) at 
tion 160 ft. Being drilled 

Middl Jeff i ys Peter’ 
Dalits) 614 miles north} Tennessee Fuel] 1125 iddle efferson ry ‘St. Peter’’ test. 
lS ele ae gt 2 Gallatin Gas Syndicate Ord. City Gas shows in ‘lower 
Sunnybrook” (Tren- 
ton). 
VY. P. Sampson.....| Smith | 5 miles west of | T. G. Samson | 1300 | Lebanon Upper Dry “St. Peter” test. 
eat ; Carthage “Knox” 

i iggi mil th of| E. M. Ellis et} 1406 | Cannon | Jefferson Dry “St. Peter” test. 
es, as “Wosdbary al. : City Gas and oil shows in 


Trenton and Stones 
River limestones. 


..| Fent 8 miles south-| Brandon De- |Drilling| Ste. Gene- Gas flow in Mississip- 
A ae laa Aa west of James-| velopment vieve pian at 366 ft. 
; town Company ‘ 
I. G. Wilson.......| Benton | 6 miles north of| S.H. Masseyet} 700 | Camden | Beech River | Dry. Tested Devon- 
ar ep Camden al. ian and Silurian possi- 
P: bilities in the Western 
he oem ies 
_| Decatur | 4 miles west of | Clyde Wash- | Drilling] Decatur? trong shows of oil an 
ea Bath Springs |_burnetal. — Fo gas at about 1900 ft. 
H. Jarrett Hay- | 14milessouth| Henderson Oil| 4202 | Grenada | Ordovician? | Dry. Reported gas 
ig ela wood of Brownsville} Co. shows in Cretaceous 
: and sapien f 
i i f| Henderson Oil} 3418 | Loess Atoka Reported gas shows an 
Se EEE Sail eee ¥ Co ee shale oil in the 
toka. 
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berland Plateau region, where relatively few wells have tested possibilities 
below the Chattanooga shale. 

Twenty-three oil and gas tests were spudded in during 1936, nine 
of which are still drilling or only temporarily shut down. Of these wells, 
eight were drilled in the northeastern part of the Highland Rim; two 
in the eastern Highland Rim region; one on the northern Highland Rim; 
five in the Central or Nashville Basin; two in the Western Valley of 
Tennessee River; and five in the Mississippi embayment region of western 
Tennessee. There was only one producer and this well is now being 
drilled deeper. Three of the tests encountered considerable gas, but 
they have not been gauged to determine their commercial possibilities. 
The more important wildcat tests drilled in 1936 are given in Table 2. 


CUMBERLAND PLATEAU 


Although no wells were drilled in the Pennsylvanian area of the state 
during 1936, indications point toward a rather active drilling program 
in the northern part of the plateau for 1937. The gradual decline of 
production in the Glenmary pool in Scott County and the Boone Camp, 
Seabolt and Coon Hollow pools in Morgan County makes it necessary to 
seek increased production in this area. One well has been spudded in 
and an active drilling program has been outlined for the current year 
by the Russell Producing Co., which controls all production in Scott and 
Morgan Counties. 

At present there is renewed interest in the possibilities of natural gas 
in the vicinity of Sunbright, in Morgan County, where several wells have 
encountered what are believed to be commercial reservoirs of gas within 
the middle and lower Mississippian. Although no detailed lithologic 
study has been made of these gas-bearing horizons, the accumulation 
appears to be largely governed by porous and fissured zones in the Mis- 
sissippian limestones, with structure of secondary importance. A fran- 
chise has been obtained recently to distribute natural gas from this field 
in Knoxville, but further developments are pending an opinion by the 
Railroad and Public Utilities Commission. Provided permission is 
granted by the Commission, the Sunbright area of Morgan County will 
be subjected to an intensive drilling campaign during 1937. 


NORTHEASTERN HIGHLAND Rim 


The rise of crude-oil prices has focused interest on the possibilities 
of reworking some of the small shallow pools in eastern Clay, northern 
Jackson and eastern Fentress Counties, which in the past have produced 
considerable oil from Ordovician limestones. 

Poplar Cove-—During the development of the Spurrier-Riverton pool 
in Pickett and Fentress Counties about 40 years ago, an attempt was 
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made to extend production to the east, and a small oil pool was found 
along Poplar Cove Creek 5 miles east of Riverton. Oil was produced 
there for a time but this pool declined along with the Spurrier-Riverton 
district after the removal of pipe lines in 1906. The production was 
from fissured and fractured Ordovician limestones 100 to 200 ft. below 
the Chattanooga shale. 

In 1930 a new well in this old pool found a 1-ft. pay at 361.5 ft., 
105.5 ft. below the top of the Chattanooga shale. Late in 1936 an old 
well near by, drilled a number of years ago, was put on pump and pro- 
duced oil of about 25° Bé. An offset well was started and produced oil 
and water from the same horizon at 407 to 410 ft., 174 ft. below the top 
of the Chattanooga shale. This well is being drilled deeper and present 
plans include further drilling activities in this area during 1937. 

Tinsleys Bottom.—A revival of the Tinsleys Bottom pool was begun 
late in 1936, and the development thus far has consisted in cleaning and 
pumping a number of old wells, several of which have responded to this 
treatment. A new test is drilling and any favorable shows will be acid- 
ized. If promising results are obtained, a number of the old wells will 
be treated with acid. A deep test is planned during the year. 

The Tinsleys Bottom pool, developed in 1924, is along the boundary 
line of Clay and Jackson Counties between Gainesboro and Celina. The 
Leipers formation, of upper Ordovician age, forms the surface rock in the 
immediate area and is overlain unconformably in the surrounding hills 
by the Chattanooga black shale. Geologic work has shown that a well 
defined anticlinal fold, along with local porosity conditions in the lower 
Ordovician limestones, accounts for the accumulation. The principal 
production has been obtained between 50 and 150 ft. below the “ Pencil 
Cave”’ (a bentonitic clay horizon near the top of the Lowville) or 550 to 
650 ft. below the Chattanooga shale. This producing horizon is corre- 
lated with the Lowville (Black River) and Lebanon (Stones River) lime- 
stones. The oil has a paraffin base and is of high quality, ranging from 
38° to 45° Bé. Some 25 wells have been drilled in the field but less than 
one-half of the area of favorable structure has been tested. 

Lock Branch.—The Lock Branch pool is in the north-central part of 
Jackson County, 6 miles north of Gainesboro and a few miles south of the 
Tinsleys Bottom field. The discovery well was completed in April 1927 
at a depth of 283 ft., 71 ft. below the Pencil Cave and 583 ft. below the 
base of the Chattanooga black shale. The flush production was reported 
at 200 bbl. and the producing horizon appears to be the upper part of the 
Stones River group, approximately the equivalent of the Tinsleys Bottom 
pay. About 14 producing wells have been reported in this pool, but 
there has been little production and it has been difficult for this Division 
to obtain reliable data on the developments. Plane-table work on the 
Chattanooga shale in the surrounding hills indicates a well defined dome. 
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There has been small production in the Lock Branch pool during 1936 
and reports indicate further developments in this area for the current year. 

Clay County—The drilling in of a flowing well reported at 100 bbl. 
per day in December 1936, along the Kentucky-Tennessee line just north 
of Lillydale, will undoubtedly revive interest in eastern Clay County. 
This well was an old well deepened to 726 ft. from 711 ft., where there 
was small production in 1927. The producing horizon is below the 
Pencil Cave and probably about the equivalent of the Tinsleys Bottom 
pay. Blocks of acreage have been taken up in the northeastern part of 
Clay County and adjacent Kentucky and two wells have already been 
spudded in. 

The Peterman Bend field, after being temporarily abandoned for 
several years, is leased again, with plans to pump the old wells and drill 
some deeper tests. This field, discovered in 1925, is just east of Celina 
along Obey River in central Clay County. Several thousand barrels of 
oil have been produced from about a dozen wells just below the Pencil 
Cave, and deeper drilling found production in the Tinsleys Bottom pay. 
The depth of the wells ranges from 300 to 500 ft. and Pencil Cave eleva- 
tions indicate that the production is the result of anticlinal accumulation. 

During 1936 the Fox Springs oil pool in eastern Clay County, between 
Celina and Willow Grove, was permanently abandoned and all equipment 
removed. This field was developed in 1927 and considerable oil was 
produced from depths of about 200 feet. 


MippLe TENNESSEE 


There were only two wells drilled on the eastern Highland Rim during 
1936. Gas shows were reported below the Chattanooga shale in the 
“Sunnybrook”’ horizons of middle Ordovician age, and although both 
tests were drilled below the Pencil Cave, no favorable shows were encoun- 
tered in rocks that produce to the north in Clay and Jackson Counties. 

Several blocks of acreage were taken during the year on the northern 
Highland Rim, due largely to increased activity in the adjoining counties 
of Allen and Monroe in Kentucky. In Tennessee only one well was 
drilled during 1936. This test, in northern Sumner County, penetrated 
the Chattanooga shale at 100 to 135 ft. and found a strong show of oil 
in the Silurian (Louisville) limestone at 160 ft. This test is being 
drilled deeper. 

Although small amounts of oil have been produced in northern Sum- 
ner County from the Silurian, attempts to extend the Allen County, 
Kentucky, production to the south have not been successful. It appears 
that the “Corniferous,” which is productive in Allen County, thins out 
near the state line and the Silurian thus far has not proved of commercial 
importance in Tennessee, probably due to porosity conditions. Rela- 
tively few wells on the northern Highland Rim west of the Cincinnati 
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axis have been carried deeper than 100 ft. below the black shale, conse- 
quently little is known of the Trenton and lower Ordovician possibilities. 

Five wells were drilled during the year in the Nashville Basin, three 
of which were carried for varying distances into the Knox dolomite. No 
shows were reported in the St. Peter horizon immediately above the 
Knox. Two of these tests, in Cannon and Smith Counties, encountered 
strong flows of mineralized water in the Jefferson City formation (upper 
Knox). An insoluble residue study from the third well, drilled about 
35 miles north of Nashville, in Sumner County, showed a few well rounded 
and frosted sand grains of the St. Peter type at 956 ft., but no oil shows 
were noted. 

In the Western Valley of the Tennessee River a well in southern 
Decatur County reported a strong flow of gas and oil show at 1900 ft., 
about 1000 ft. below the top of the Knox dolomite. Unfortunately, this 
well was drilled with considerable water in the hole. This test is on the 
old Dunbar structure and is the second well drilled deeper than 1800 ft. on 
this anticline. A well north of Camden in the Western Valley started 
in the Camden chert and tested Devonian and Silurian possibilities to a 
depth of 700 ft. without finding encouraging shows. 

Interest persists in the Mississippi embayment area in Tennessee, 
where five wells were started or completed during the year. Since most 
of these tests were on surface structures or without regard to structural 
conditions, they must be considered rank wildcat ventures. It is to be 
regretted that geophysical work did not precede this testing. This 
Division has repeatedly emphasized the unreliability of surface indica- 
tions in the determination of subsurface conditions in a region of essenti- 
ally unconsolidated sands, clays and gravels, such as form the surface of 
western Tennessee. Very little geophysical exploration has been carried 
on in the Mississippi embayment region of Tennessee, but it is believed 
that such work would indicate the presence of structures that are not 
reflected in the surface Coastal Plain sediments. Because of the probable 
strong faulting in the underlying Paleozoic floor, the Reelfoot Lake region 
probably would be especially reactive to geophysical prospecting. 

The Henderson Oil Company’s No. 2 well in central Haywood County 
was drilled to a reported depth of 4202 ft., the deepest test in West Ten- 
nessee. The driller’s log reported Chattanooga black shale at 2880 to 
2905 ft. and the well probably finished in the Ordovician. 

~The most interesting well drilled in Tennessee during the past year 
was a test in southwestern Obion County, drilled to 3418 ft. After a 
normal Coastal Plain section, this well encountered the top of the 
Paleozoic floor at about 2700 ft. A core specimen at 2773 ft. showed a 
strong dip, suggesting that the well had entered disturbed beds underlying 
the Reelfoot Lake region. Cuttings to 3295 ft. were dark gray to black 
micaceous shales with some very thin, gray limestone beds. Some of the 
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shale showed a pronounced slaty cleavage. These cuttings have been 
tentatively correlated with the Atoka formation of lower Pennsylvanian 
age, which outcrops over a large area in the Arkansas Valley region to 
the southwest. Provided the correlation of the Paleozoic rocks is correct, 
the presence of lower Pennsylvanian beds in the northern part of the 
Mississippi embayment complicates the generally accepted idea concern- 
ing the pre-Cretaceous development of this part of the embayment. 
Based upon available cuttings and well records, the Paleozoic floor in the 
southern and central parts of West Tennessee have been considered 
Mississippian in age, with older beds, probably Ordovician, forming the 
floor in the northern part of the embayment?. Two wells now drilling 
in the Reelfoot Lake region will undoubtedly give additional data on 
this problem. 

A well now drilling near Ridgely, in southern Lake County, logged the 
top of the Midway (Porters Creek clay) at 1490 ft., almost 300 ft. higher 
than the Midway top in the Bradshaw test just 5 miles to the south- 
east. Another test, at Hornbeak, in west central Obion County, is now 
drilling at approximately 1800 ft. This well is being cored at frequent 
intervals and it will probably be the first well drilled in the Mississippi 
embayment area in Tennessee to offer the opportunity for a detailed 
study of the embayment sediments. 

The well mentioned last year* to be drilled on a reported seismic high 
in Tipton County was lost above the Paleozoic floor. 
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Petroleum in the Central Texas Area during 1936 
By W. C. Brpnar,* Junior Memperr A.I.M.E. 


In all, 127 producing oil wells, 8 producing gas wells and 212 dry holes 
were drilled during 1936 in the Central Texas area; 76 wells in Bexar 
County, 62 in Caldwell County, 44 in Guadalupe County, 22 in William- 
son County, 20 in Navarro County and 20 in Frio County. Less than 
20 were drilled in each of the other counties and none at all in Ellis, Hill, 
Bosque, Coryell, Lampasas, Burnet, Llano, Kennedy, Mason, Real, 
Kinney and Uvalde Counties. 

The Pearsall-Austin chalk field in Frio County and the Zoboroski 
field in Guadalupe County were the only new discoveries and there were 
no important extensions to old fields. 

In this report Corsicana, Mildred (Elm Ridge), Angus-Edens-Hodge, 
Burke, and Rice-Oil Ridge, all shallow Navarro County stripper fields, 
are grouped together under the name of Corsicana. This grouping 
follows that of the Railroad Commission of Texas, thus facilitating the 
gathering of production data. 

A map showing the location of the oil and gas fields in the Central 
Texas Area was published in Volume 114 of the A.I.M.E. TRANSACTIONS, 
page 380. 


New FIeups 


Pearsall-Austin Chalk.—The Amerada Petroleum Corporation com- 
pleted 13 Austin chalk wells during 1936 on the large Amerada-Rycade 
block in Frio County. Other companies drilled two dry holes to the 
Austin chalk in this vicinity. Not enough wells were drilled to give 
control of the structure but it appears to be a nose plunging in a-west- 
southwest direction. A second deep test is being drilled in the Pearsall 
area and at this writing has cemented off a show of oil and gas in the 
Edwards limestone. . 

The Humble Oil and Refining Co. is building a 6-in. pipe line from 
Lytle, Tex., to serve the Pearsall field. 

Zoboroski.—Actual discovery of the Zoboroski field was made by 
W. J. Walton et al. in 1931. The discovery well, Anton Zoboroski No. 1, 
was a small producer making but from 3 to 5 bbl. per day, which was 
used locally for fuel oil. The discovery of the Darst Creek Extension in 


Manuscript received at the office of the Institute March 11, 1937. 
* Petroleum Engineer, The Amerada Petroleum Corporation, Pearsall, Texas. 
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456 PETROLEUM IN THE CENTRAL TEXAS AREA DURING 1936 
TaBLE 1.—Oil and Gas Production in the Central Texas Area 
Area Proved, Acres 
Age, 
Field, County Rat 
ke of 1086 Oil Gas Total 
a 
g 
=] 
Z 
3 
5 
1 ilCorsieanals Navarras: duwdatencte cece eemtee nee (deltas cy et ates 40 6,710 0 (2,610) 
6,710 
2A Mildred (Elm Ridge)? Navarro, vaccines cncalee > doaee eee nae oa 36 
311 South Bosque; Mebennan Sie dies cae oak tacts idee iek stake emtewe 34 2,500 0 2,500 
4.*|\Bomersetil tascosa;, Bexar. 1 S0nae . ade et chic otto Bee os ee ee 24 11,390 0 11,390 
5 | Gas Ridge... Bexar #50 5.0: cetacean tains bern dC olmak easter eee ters ote 24 150 300 450 
Gt Thrall Wellstone oe orden « satin: 6 ceca bs vet oes eae see 22 475 0 475 
(500) 
7 | ;Angus-Wdeng-Hodge?; Navarross ica 6. 7» calves vsaielns ve cielo sa Rhee ais 21 
SN Burkes, Naar. 3 ck ce: civ ainistacs, Soaveraphys/ ae lad Siatok ee Meaetene OL aetiare ckeobatate s cteeee 21 
‘O° ‘Alte Vista; Bexare 4a os) needa. Dees eae ee ee eee 21 300 0 300 
10: || RicesOil Ridge2:: Navarra: ciczis.s awa Oe ou are atten tavenincialaes te date ae 20 
11, | Mexia, Limestone: ajacavoce 0% sicieoae ¢ cis versie stetn lena eee ode ee 16 3,920 0 3,920 
12° | Minerva-Rockdale :.Milam ae. o5e sh cates icc ee ee Cee 15 4, 0 4,000 
13 | Luling; Caldwell Guadalupe... ...» eaas.oneas okickinihie: boos hata eee. ate 15 2,130 0 2,130 
140 VinereSouthton; Berar iz... A deoer sca. cess Seno mam eee aaaehe Mase ee 15 500 0 tho) 
15's) Chilton, Faille 64.60)... asad eee se ee eee 14 40 0 40 
16 { CorrloxNatdire..... Meda teeta Moo Reds SSR. Siesta 14 475 0 ye, 
N71 Tun} Maden (28S ac20 Se 8. ; cos eR a 14 310 0 310 
13. KPowell Navarva sikh dz ook as celtiale cele Bea ee aie kre eG ee a nae 13 2,600 0 2,600 
(450) 
19 | Adams) Medina rc wioe, G5 ubend tanith de canal otc eee ee Re eee, 12 0 | 2,000 a 
90 || Rinhland “N avatttin: carta. cehehions lactic toeioscto aie oar eee 12 440 0 440 
21 | Woodbine Area (Shallow-Powell), Navarro..............-cccccececeeuces 12 750 0 750 
92° | Bams Creek: Limestone. w,toca tern tim tere note tok seas oo ate ee 12 0 60 60 
23° i Tarylows Madera... yal cxctenverecntatie taal a Wo telvche Soecetom urs eens Ae 12 30 0 30 
24. Lytton Springs: Caldwell io..ocwhoae ce acettcnrn asians Nani aintaseatenen carer 11 1,360 0 Ae) 
70 
25. | Wortham, Freestone Limestone so... 20 acuese cs ve te ieee sided se ccseen 11 715 0 715 
26 Chittam, Matton sein... vcs toca ts sunk meat, See ee ee deere ee 10 0 320 320 
27) Dales Caldwell, <stnts. . b:. airaa ci PRR ts cae Te bate mek rates Seen dence 9 190 0 190 
QR" EGKGr, DOCEr= oath seciadenmeceste wastes Cetee ete sexcietet mice ae tine 9 640 80 720 
29) Salt Mat, ‘Caldinellx a ...scttt aan wee. ada SEER woe aoe aN heen 9 1,195 0 1,195 
5): Larvemore; Cacdwel..g, ocetsccceuccat cl casts cenon sete ee 9 50 0 50 
Blicil) Vout, Bastrop: sbi los. osthye .o5 aalde pete bis Ee are gene nee 8 97 0 97 
B2iin| COW FALL aU he... occas. Miortrate Atanas date comerae on ee merahmione AR neteie eeeie 8 0 | 1,000 1,000 
83, |:Darst Creek, Guadalupes<*). vAbittda. octets Bewitee oe dee naee 8 1,670 0 1,670 
345i) Bhohanan, Caldwell as od, dipitiive ts wan tat Got SRG te oe ee: 8 75 0 75 
36+ | Ohapmian, Weltanion:v ate cacs saaview cs center ie on aisle nat ener nee 7 560 0 560 
SOc Manfond!: Guadabipe.: &5.s%. 1.ocid b aoe ea ala vabceckiew o peur ox aeeracate 7 30 0 30 
Sioa) Lyanliny (COldals mec x eae tetera stun aiecceeett rte ee tn aarre ireo e 6 70 0 70 
BB | BLADVOUSS COMME diy cemiuisiy ston ci Gree Meenas sate camera aOR me 6 230 0 230 
80s: Chicon Laks, | Madsnas. iscsi scahon aawcabtorcacnceriscs bark ee eee 6 350 75 425 
BO) s| Caroll | Bastron itn, cht todde ups etal aan tant cake . oped web eee eee 4 40 0 40 
41 | Wart pals, Daweh, sicker rs tesa cris Gaon tiie tenet tetas 4 250 0 250 
42° | Balbig Baatrogt: coitus: voiveive avo ce Geta ae eek Ree 4 250 0 250 
AB '\| Onder Oreeky Bastrop waisrasn sige sua prince naragals se oie at oenke Satan tis shoe 4 160 0 160 
44) | Byersyille, Walltamannlcnr,: soa dered tee adage rv dedsc eeymhaetecrad 3 360 0 360 
Ah2|l Paral AOURROLOWE,.L 90 coir t cccten came ere Mas cco ome ia ate 3 0 160 160 
48. Woh Oriny, iBacat ti. sckihitad >. ob bane teorrenia eee Pa ete cet ee 3 540 0 540 
a7 I Red Wako Freestone eaaic. tuissttn nian «cates cen cet Tacs ae: 246 0 22 22 
43:%\'Pearsallelipper: Band, Frio: ites id cus chances ac eeke bs bends eee alae 2 40020 0 400 


1 Includes Mildred, Angus-Edens-Hodge, Burke, and Rice-Oil Ridge. 
2 Included with Corsicana. 
6 Includes shallow production. 


20100 acres per 


well. Limits not defined. 


22 Limits not defined. 
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TABLE 1.—(Continued) 
ri a i i 


Total Oil Production, Bbl, Total Gas Production, Millions Number of Oil and/or 
of Cu. Ft. Gas Wells 
During 1936 
Jee Maxi- | Com- 
To End of During Durin, verage | > Bnd | During |Duri mum | pleted i: 
Bg) rat | TREE | Mose | i | oPaade | 20a Pasa | Dall) Ca 
E ov. during of zy Z 
2 1936 1936 | 1936 | 3 EI 
ea oO 
= z | 3 
4 io) = 
1 13,696,965 165,260 166,750 421 0 0 0 2,937 2 0 
2 
3 88,830 3,480 4,380 12 0 0 0 123 0 0 
4 9,892,585 267,385 254,315 765 0 0 0 1,052 4 14 
5 60,679 2,589 1,030 4 1,108 131 114 0.5 120 0 1 
2,389,497 16,920 18,615 Al 0 0 0 16 1 0 
8 
9 104,199 1,820 1,719 5 0 0 0 41 0 0 
10 
11 | 94,689,502 801,586 765,798 | 1,999 0 0 0 550 0 5 
12 3,256,561 79,442 78,792 197 0 0 0 575 0 0 
13 | 65,284,132 2,013,097 2,093,993 | 5,938 0 0 0 599 0 0 
14 582,666 24,371 21,534 66 0 0 0 138 6 0 
15 92,630 710 1,560 4 0 0 0 3 0 0 
16 6,708,774 50,067 44,154 126 0 0 0 54 0 2 
17 148,159 2,116 3,393 19 0 0 0 31 0 0 
18 | 107,720,268 812,208 804,989 | 2,319 0 0 0 741 0 2 
19 0 0 0 11,771 348 302 1.0 46 0 4 
20 6,612,285 10,740 6,795 15 0 0 0 107 0 0 
21 3,773, 9688 38,1603 11,868 31 0 0 0 247 10 0 
22 0 0 0 at 224 Bll eal 5 0 0 
23 29,002 1,710 1,628 0 0 0 0 6 0 1 
24 8,055,400 142,345 130,736 361 0 0 0 359 5 3 
25 | 22,461,927 35,716 30,327 69 0 0 0 322 0 0 
26 0 0 0 5,781.8 | 745 | 1,182 5 5 0 0 
270 1,333,894 64,788 83,346 179 0 0 0 46 4 0 
28 744,229 118,124 85,215 20 x5 220 oo || ate 136 1 0 
29 | 35,076,298 1,505,883 1,467,129 | 4,164 0 0 0 359 6 3 
30 " 245,337 17,835 16,647 46 0 0 0 13 0 0 
31 856,911 26,066 11,552 27 0 0 0 25 0 3 
32 0 0 0 x 27.4 | 7 0 0 
33 | 38,632,169 3,285,033 3,266,651 | 9,080 0 0 0 282 21 19 
34 182,138 13,789 12,864 33 0 0 0 11 5 3 
35 3,969,333 143,004 118,944 326 0 0 0 114 0 12 
36 371,384 13,204 11,454 42 0 0 0 4 0 1 
37 259,931 16,484 19,232 32 0 0 0. 10 2 1 
38 141,038 10,343 _ 56,782 602 0 0 0 23 18 0 
39 22,089 5,662 5,627 21 wr 50 aoe w 28 0 0 
40 45,742 19,405 16,187 167 0 0 0 5 1 0 
41 434,896 90,655 73,366 179 0 0 0 20 0 0 
42 1,057,865 277,827 259,453 605 0 0 0 12 0 0 
43 194,600 27,237 16,863 34 0 0 0 16 0 0 
44 357,900 192,614 118,786 298 0 0 0 34 4 0 
i 4 Pr 116 0 0 0 : 5A 7 
13,908 40,156 
o ye 0 0 627 140 | 487 | 6 3 1 0 
48 46,131 8,600 37,531 0 0 0 0 4 0 0 
De ee ee ee ee eee eee eee 
3 Production estimated. 
4 Production estimated. 


5 No gas records available. 
24 No gas records available. 
% Shut in during all of 1936. 


458 PETROLEUM IN THE CENTRAL TEXAS AREA DURING 1936 


TaBLE 1.—(Continued) 


a 


: Oil Production : 
Number of Oil and/or G Depth, Average Pressure, Lb. per | Character of Oil, Approx 
ght Wells snk Sie: Sts Feet 2 ees a End of Sq. In.¢ Average during 1936 
ity A.P.I. 
At End of 1936 Number of Wells Bate pt gate Naga Re 
Bot- | To Top 
toms of} of 
g > & re wo | Pro- pale z 
rs a > uctive | ductive 
E: B8/.22) 23/52) -§ | wells | Zone e fod “ 1935 | 1936 5 q E 8 28 
~ oO = cl = = # xa s. 

g /e2/3=|ea|38| 22 2/3 a | a (Seles|3 
4 \E2|£O|£5 |) & 8 | 4 2|S 220/28 
1) 0 634) 0 0 634 | 1,260 460 0 634 0 x z # |37.1118.0) « | 0.5) P 
2 

3/ 0 30} 0 0 30 475 450 0 30 0 z z xz |42 |40 (41 0.2;P 
4| 2 951) 0 0 | 951 | 2,100 | 1,400 0 951 0 z r x |39.4/34.4/36.4| 1.4 | P 

830 780 

5| 0 12] 0 66 78 280 230 0 12 0 z z z|23 |21 |22 0.4|P 
6] 0 16; 0 0 16 | 1,000 700 0 16 0 z z xz |37.6|36.4/37 0.3'} P. 
ia 

8 

9| 0 12} 0 0 12 250 220 0 12 0 z x z |36 |34 (35 0.3 | P 
10 

11| 14] 250) 0 0 264 | 3,085 | 3,000 0 264 0 z x z|36 |34 |35 | 0.3] P 
12| 0 443) 0 0 443 | 1,700 00 0 443 0 z z z |40 |36 |388 0.2|;P 
13); 0] 501) 0 0 501 | 2,200 | 2,100 0 501 0 = x z|28 |26 |27 0.9;A 
14} 0 104} 0 0 104 800 600 0 104 0 z z z|33 |31 {32 0.5 | P 
15} 0 1; .0 0 1 | 1,160 | 1,080 0 1 0 z x 2/33 |31 (32 0.8|P 
16| 0 13] 0 0 13 | 2,990 | 2,930 0 13 0 = z z|40 |40 /40 | 0.2] P 
17| 0 7| 0 0 7 160 940 0 7 0 x z zj19 |19 |19 O.7/A 
18; 7] 120) 0 0 127 | 3,000 | 2,925 0 127 0 x z xz {38 |36 |37 | 0.3) P 
19| 0 0| 0 16 16 | 1,000 900 0 0 0} 400) 115 100 Gas only 
20} 0 3) 0 0 3 | 3,040 | 2,975 0 3 0 x z xz |38 |38 |38 0.3 
21; O 38) 0 0 38 | 1,650 850 0 38 0 x x az |34.8)23.5/33 0.4/P 
2232 0} 0 0 2 | 2,960 | 2,945 0 0 | 0} 875} 180 y Gas only 
23| 1 1] 0 0 2 400 290 0 2 0 z x z|18 |18 |18 | 0.4]P 
24| 10 162} 0 0 172 | 1,900 | 1,600 0 172 0 2 x z (39 |37 |88 | 0.4|P 
25) 0 a) 70 0 7 | 3,050 | 2,990 0 7 0 x z z |38.6/36.2|37.3| 0.2 | P 
26] 0 0} 0 3 3 | 5,590 | 5,525 0 0 0 | 2,200) 1,210 | 1,100 Gas only 
27| 0 41} 0 0 41 | 2,250 | 1,915 0 41 0 2 z z |38 |36 |37 0.2°| P 
28/ 0 127) 0 5 132 790 620 0 127 0 x x az |35 |33 |34 OS We 
29; 0} 219) 0 0 | 219 | 2,740 | 2,670 0 219 0 F x xz |36 |36 |36 0.6|P 
30| 0 8| 0 0 8 | 1,315 | 1,285 0 8 0 x z az |23 |23 |23 0.6|P 
31] 0 5| 0 0 5 | 1,500 | 1,335 0 5 0 x x z 1/28 |26 |27 0.3|P 
32] 0 0; 0 7 800 675 0 0 0 | 295} 210 x Gas only 
33) 0 258] 0 0 258 | 2,700 | 2,650 0 258 0 x 2 x |37 5 36 0.8|P 
34] 0 nO 0 7 | 2,075 | 1,750 0 (ae x x 2 |87 (35 |36 |0.2)P 
35} 0 74| 0 0 74 | 1,915 | 1,730 0 74 0 x z a |36.7/35.2/36 (3 
36| 0 1} 0 0 1 | 2,320 | 2,260 0 1 0 x x x |87.3/36.7|/37.3) 0.9 | P 
37) 0 vA) 0 7 | 2,300 | 2,290 0 Ne 0 E F x |87 |35 |36 0.6 | P 
38] 2 21; 0 0 23 | 2,000 | 1,900 0 23 0 z x z |388 |36 |37.5) 0.8 | P 

320 240 22 120 |21 

39) 1 21; 0 6 28 810 760 0 22 0| 420] 200 z {36 |34 |35 0.1|P 
40) 5 5) 0 0 5 | 2,378 | 2,300 0 5 0 x z z (36 |36 |36 | 0.2] P 
41 | 4 15) 0 0 16 | 2,160 | 2,025 0 16 | 0 x x z |88 |36 |37 | 0.3|P 
42/ 0 12] 0 0 12 | 2,575 | 2,450 il 0 1 | 1,240} 1,035 a |387 |387 [87 0.2|P 
43; 1 10| 0 0 11 | 1,700 | 1,650 0 ll 0 z x aw |34 |34 |384 |0.2/P 
44| 4 30} 0 0 34 900 850 0 34 0 x x 2137 |37 (87 | 0.2) P 
45| 1 0| 0 0 1 | 6,459 | 6,400 0 0 0 | 2,120 = 4 
46| 5 49) 0 0 54 730 500 0 54 0 x x xz |34 |34 (34 0.4|)P 
47| 0 0; 0 3 3 | 4,950 | 4,850 0 0 0 | 1,855} 1,855 | 1,855 
48| 4 0| 0 0 4 | 3,935 | 3,920 4 0 0 x 2 x 0.1|M 


» Footnotes to column heads and explanation of symbols are given on page 291. 
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TABLE 1.—(Continued) 
ee ee 


Producing Rock Deepest Zone Tested 
Character of Gas, to End of 1936 
Approx. Average 
during 1936 
“oO 
lao) ~ 
a8 
a) bo 
he a? aise 
x8 Gal. Name Agel oe a pe Name 
g| B-tu. | Gasoline Be Pee ae eee: 
5 per 8 Pawllacce ten 2 nw He 
2 | Cu. Ft. | Per 8 2 )\|As 3 3s SS oi 
2 : Cu. Ft. £)/ 8|&s 3 lg23 Ba 
2 a SP ae a Eee a0 
=i Seen eae dea pale am 
1} 1,040 1.8 Nacatoch, Corsicana, Na-| CreU | Ss |12-20} 15 A 549 | Woodbine 3,570 
Zt varro-Taylor AF-AM ; 
3] 1,225 2 Basal Walnut CreL | DL | 22 3 AF 100 | Basal Trinity 1,800 
4 x Taylor-Navarro CreU| SH | 22 30 TF 75. | Trinity sand 5,311 
5 | 1,120 0.5 | Taylor sand CreU | SH |15-20) 15 A 39 Glenroce 2}950 
$ x 0.8 Serpentine CreU | P {20-30 xz | Intn. 23 | Trinity sand 3,290 
8 
+ 1,135 a Navarro sand CreU| S {15-20} 23 F 28 | Trinity sand 4,535 
11 | 1,152 2.5 | Woodbine sand CreU | SH | 25 50 F 146 | Trinity sand | 6,044 
12 z 2.5 | Upper Navarro CreU| S 16 15 F 46 | Edwards 5,000 
13 955 1.5 Edwards Limestone CreL | L | 5-80} 100 F 83 | Schist 7,859 
14 x 1.8 Navarro sand CreU| S 16 10 F 36 | Glenrose 3,850 
15 & 201 Georgetown CreL | LS 23 5 AF 23 | Glenrose 2,025 
16 | 1,040 et} Woodbine sand CreU | SH | 22 20 F 53 | Woodbine 3,646 
17 z z Escondido sand CreU | SH & 15 F 34 | Edwards 2,048 
18 | 1,080 2.5 Woodbine sand CreU | SH | 25 45 F 68 | Trinity sand 6,506 
19 999 Dud. Escondido sand CreU| S x 20 F 12 | Edwards 2,289 
20 | 1,060 2nD Woodbine sand CreU | SH | 25 20 F 23 | Glenrose 5,415 
21 x £ Navarro-Taylor CreU | Ss |14-20) 15 AF 54 | Trinity 6,506 
22 | 1,040 0.4 Woodbine sand CreU | SH | 20 15 F 9 | Woodbine sand| 3,208 
23 zt 1.4 Taylor sand CreU | SH 15 15 | Crev. 15 | Edwards 1,285 
24 | 1,040 1.5 | Serpentine CreU| P | 14 z | Intn 47 | Edwards 2,292 
25 | 1,080 2.5 Woodbine sand CreU | SH | 25 35 63 | Glenrose 4,825 
26 | 1,120 4.6 Glenrose CreL | L x 50 A 8 | Basal Trinity | 7,635 
27 x 1.5 Serpentine CreU| P 15 z | Intn. 8 | Edwards 2,661 
28] 1,140 1.8 Navarro CreU| S 16 10 F 16 | Edwards 1,590 
29 -£ ee Edwards CreL | L 30 30 F 39 | Edwards 2,918 
30 | 1,120 1.3 | Edwards CreL | L x} 35 F 8 | Glenrose 2,150 
31 z 1.4 Serpentine CreU| P {15-25 z| Intn. 8 | Austin chalk 2,066 
32) 1,015 0.2 Escondido sand CreU | SH x 20 A 10 | Glenrose 4,709 
33 z TS Taylor marl, Austinchalk, | CreL | L 26 30 F 28 | Edwards 3,200 
Edwards 
34 zt 1.6 Serpentine CreU | P 12 a | Intn. 5 | Edwards 2,483 
35 | 1,025 0.8 Serpentine CreU| P 20 z| Intn. 50 | Edwards 3,226 
36 £ 1.5 Edwards CreL | L 35 30 F 4 | Edwards 2,800 
37 x 1.5 Austin chalk CreU | C x 10 F 10 | Edwards 2,420 
38 x 1.5 Crevice Top: Austin, | CreU | C-5S x x F 10 | Edwards 2,450 
Navarro, Taylor 
39 | 1,095 0.5 Serpentine CreU| P 13 z D 13 | Edwards 1,725 
40 | 1,025 2.5 Serpentine CreU| P 12 a | Intn. 3 | Edwards 2,919 
41 x 1.5 Serpentine CreU| P 15 a | Intn. 18 | Edwards 2,950 
42 | 1,300 1.0 Serpentine CreU| P 12 z | Intn. 5 | Serpentine 2,715 
43 | 1,010 0.5 Serpentine CreU | P |15-25 a | Intn. 5 | Edwards 2,300 
44 1,010 2.0 Serpentine CreU | P {15-25 xz | Intn. 20 | Edwards 2,353 
45 © gi Georgetown CreL | L x 59 N 0 | Edwards 6,507 
46 Lz x Midway, Taylor CreU | SH x 21 F 19 | Edwards 2,835 
47 | 1,040 x Woodbine sand CreU| 8 x 25 Zs 1 | Woodbine 5,002 
48 x z Navarro sand CreU| S 20 15 N 3 | Trinity 10,050 
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1935 led to further development in the Zoboroski field and eight com- 
mercial oil wells were completed during 1936. The oil, found in crevices 
in the Austin chalk, is of paraffin base with a greenish color and has a 
gravity of 31.4° A.P.I. 


EXPLORATION 


Production was not found in any of the dry counties in the Central 
Texas area during the year 1936. 

Three important wildcats were drilled in Zavalla County west of the 
Amerada-Rycade Frio County block. Two of these were abandoned in 
the Austin chalk and the third in the Edwards limestone. 

A third Trinity sand test was made in the Mexia field and was 
abandoned at 6064 ft. after testing salt water with shows of oil and gas. 


TaBLE 1.—(Continued) 


Area Proved, Acres 
Age, 
Field, County Noosa! 

‘ of 19361 on =| Gas’ | Tots 
E 

a 

o 

A= | 

_ 

49 | Darst Creek Extension, Guadalupe eerste ae Meets Coe e- oaVea eis oaks 14g 760 0 760 
50 | Pearsall-Austin chalk, Pio de noe ROME ee, eR se ee 1 5202 0 520 
S11 Zoborosks Guadaltge::. 5. oh so ae oc ett cp ebm eas es orckan e 1 65 0 65 

Depuerep Freips 
Life 

2 | Chatheld Naan vere «)csnccnrce aa Peareels ais tute sale ov tote eres chet tealel ere cles aie. Sixth 5 Yr. 0 150 150 
BOs) MUSSIONT Hecate s asi sates CARTED Olea Doe Soe, OCAMRMEe ccmise wen ad 16 Yr. 2 0 200 
54 Witherspoon-McKie?, INGAGEr OR AE ee ae i ccattatte hs amore als CaS cad wi} 20 YE 400 0 400 
Bb. | Ronse, Bemestone, He. ..s sits cha vere. Moe celia dnt cer acl .| 8 Da. 10 0 10 
56 | Nigger Creek, Limestone. . 5 Yr. 170 0 170 
57 | Cedar Creek!2, ‘Limestone... 4 Yr. 30 0 30 
58 | Ottine!, Goneales re Rivaecean 6 Mo. 10 0 10 
59 | Lytton Springs Townsite', Caldwell. 6 Yr. 50 0 50 
60). |) Marlin-Satint Palais. .0 eee. > cots an catin vas int Soe dee > ee 6 4 10 0 10 
GL) | Cooknéy#s, Besa. 4.1 de wae ities ita ok ah aoe woe an Bean el oe 50 0 50 
62. Sobimmel- Datta, Baaslrop=s ies vey viaimiew oh 04.0 coe MOET beens cia 6 Yr. 50 0 50 
BB's |) Mandalay rattan. erar.«:a an Meee Mme ea eee aa by meate stele PAG wads Mielec 2 Yr. 40 0 40 
64") PoarsalloB ude Wen ri0 3: obs cra ontraeees G  momietecds Hecate tee acter tee 7 Mo. 40 0 40 
65 NOt as aras Genter uraiue nisin aster Mase aioe tix See emer ore 48,357 | 4,145 52,502 


7 Discovered 1905; depleted 1910. 
8 Discovered 1912; depleted 1928. 
® Discovered 1915; depleted 1935. 
10 Discovered 1922; depleted 1922. 
11 Discovered 1926: depleted 1931. 
12 Discovered 1927; depleted 1931. 
13 Discovered 1929; depleted 1929. 


14 Discovered 1930; depleted 1935. 


15 Discovered 1932; depleted 1935. 
16 Discovered 1929; depleted 1936. 
17 Discovered 1930; depleted 1936. 
18 Discovered 1934; depleted 1936. 
19 Discovered 1935; depleted 1936. 


21 40 acres per well. Limits not defined. 


Oi RECOVERY 


Favorable prices for crude oil during 1936 caused the abandonment 
of many stripper wells to be postponed. In the shallow fields of Navarro 


. 
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County and in the Somerset field of Bexar and Atascosa Counties a large 
number of wells are being pumped for less than 14 bbl. of oil per 
day each. 

During 1936 the Central Texas area produced 10,629,616 bbl. of oil 
from 4243 wells, an increase of 269,261 bbl. over the production of the 
previous year. The daily average per well during 1936 was 6.9 bbl. , as 
compared to 7.6 bbl. during 1935. 

Table 3 shows the accumulated production from the Central Texas 
area subdivided into geologic zones. 


PRORATION 


The Pearsall-Austin chalk, Darst Creek Extension, and Zoboroski 
fields were the only fields in the Central Texas area with potentials large 
enough to necessitate proration by the Railroad Commission of Texas. 
The majority of wells in the Central Texas area do not produce more than 
the marginal well allowance. 

All gas wells in the Central Texas area conformed to the rulings of the 
Railroad Commission relating to potential tests and conservative 
withdrawals. 


TaBLE 1.—(Continued) 


Total Oil Production, Bbl. Total Gas Ween Millions Dealer oF Wace 
During 1936 
Daily Maxi- Ne 
4 : Average - A mum | plete 
To End of During During : To End | During} During Dailyto End 
5 1936 1935 1936 | 4tIne | of 1936 | 1935 | 1936 ee Shits 
g 1936 1936 | 1936 | & | & 
o FI 3 
i a | 2 
49 131,449 6,435 125,014 282 0 0 0 9 6 0 
50 291,729 0 291,729 68 0 0 0 13 13 0 
51 45,7853 78 41,285 271 0 0 0 9 8 0 
Depietep Freips 

52 0 0 4,750 0 0 15 0 0 
63,000 0 0 0 0 0 0 32 0 0 
Be 810,495 0 0 0 0 0 0 85 0 0 
55 33, 0 0 0 0 0 0 { 0 0 
56 2,998,810 0 0 0 0 0 0 75 0 0 
57 297,945 0 0 0 - 0 0 0 14 0 0 
58 12,000 0 0 0 0 0 0 i 0 0 
59 6,273 10 0 0 0 0 0 3 0 0 
60 1,560 440 0 0 0 0 0 2 0 0 
61 67,228 6,137 1,686 0 0 0 0 15 0 15 
62 4,301 624 Bf 0 0 0 0 6 0 6 

63 15,736 10,627 4,696 0 0 0 0 2 0 2 
64 20,867 15,899 4,968 0 0 0 0 1 0 1 
65 | 434,476,148 10,360,355 10,629,616 24,143.8 | 1,683.4} 2,088 9,567 135 98 


23 Estimated 4500 bbl. previous to commercial development. 
26 Plugged back to perforate Austin chalk. 
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TABLE 1.—(Continued) 


‘ Oil Production : 
Number of Oil and/or Gas_ | Depth, Average Pressure, Lb. per | Character of Oil, Approx. 
aa Wells f cf Feet : eae End of Sq. In.¢@ - Average during 1936 
At End of 1936 Number of Wells Avene st Gee 
Bot- | To Top 
= oe of Eid 
Bef |e a aa ro- Lite 
tes |} woh ductive] ductive + 
8188/23] 25/28 | “3 | Wells | Zone |Flow-|Pump| 1935 | 1936 | & | § |S 8) 28 
Z\g.| 86| 84 a9 as SN te Sisal tl late | 8 168/22]. 
2/82) S=|Sa|5 $F = 5 | 8 tse] os 
3 62] £O/} £5] £5) &8 OE Z| 3 e=|2*|2. 
49/ 0 9} 0 0 2,450 | 2,375 0 9 0 x zr z /34 |34 |84 | 0.5] P 
50| 3 10) 0 0 13 | 5,630 | 5,330 9 1 0 z y |32.1/26.8/28.1) 0.9 | M 
51] 0 9 0 0 9 | 2,200 | 2,050 0 9 0 z z z \31.4/31.4/31.4) 2 P 
Derpietep FIE.ps 
52} 0 0} 0 0 0 | 1,020 880 0 0 0 | 250 0 0 Gas only 
53] 0 0| 0 0 0 420 395 0 0 0 z x z {28 |26 \27 | 0.3|P 
54| 0 0} 0 0 0 875 825 0 0 0 £ 0 0/20 |18 |19 | 0.6] P 
55| 0 0} 0 0 0 | 3,767 = 0 0 0 z 0 0 |32 |32 |32 | 0.3] P 
56] 0 0| 0 0 0 | 2,870 | 2,820 0 0 0 z 0 0/40 |40 |40 | 0.3) P 
57| 0 0} 0 0 0 | 2,940 | 2,885 0 0 0 x 0 0 |37 |37 |87 | 0.3|P 
58] 0 0} 0 0 0 | 3,780 | 3,765 0 0 0 z 0 0 (32 |32 (32 | 0.2 | P 
59] 0 0}; Oo 0 0 | 1,820 | 1,535 0 0 0 x 0 0 |31.5/31.5|31.5] 0.4 | P 
60| 0 0) 0 0 0 | 1,160 | 1,000 0 0 0 z 0 0 |34.5/33.9|34.2| 0.4 | P 
61] 0 0; 0 0 0 | 1,460 | 1,440 0 0 0 z z z |34 |32 (33 0.4|P 
62/ 0 0) 0 0 0 | 1,900 | 1,400 0 0 0 z z x |34.8/33.8/34.4) 0.2 | P 
63 | 0 0} 0 0 0 757 720 0 0 0 2 z 0 34 |34 |34 | 0.4 | P 
64|) 0 0} 0 0 0 | 6,232 | 5,900 0 0 0 = z 39 |39 (39 | 0.4) P 
65 | 56 | 4,243) 0 106 | 4,405 24 4,268 1 
Producing Rock Deepest Zone Tested 
Character of Gas, to End of 1936 
Approx. Average 
during 1936 
ae 
:8 Pa 
& Gal Name Ages g a e pe Name 
5 Btu. | qoroh 3=| . lege , 
asoline 3 < oo 2 w* Crea 
2/6 per per M. 2 = 2 s b 3S ore 
| Cu. Ft} Gy. re. i g S 2 3 a3 22 
t— 
E é|213<| & |Z BS 
49 x 1.5 Crevice-Top Austin CreU | C zr x F 1 | Austin chalk 2,450 
40 © © Austin chalk = CreU | C = z N 2 | Austin chalk | 5,850 
51 z x Crevice-Top Austin CreU | C < x F 5 | Edwards 2,600 
62). 1110 1.8 Taylor sand Woodbin 3 
53 | 1,120 1.3 | Navarro sand Gilenroae: Pee 
54] 1,040 1.6 Nacatoch Woodbine 3,480 
55 " z Unknown Glenrose 6,050 
56 x x Woodbine Woodbine 3,509 
57 x z Woodbine Woodbine 3,310 
58 xz x Taylor sand Edwards 4981 
59 2 z rpentine Edwards 2'050 
60 z "7 Buda-Georgetown Glenrose 1,409 
61 r 0.3 | Taylor sand Edwards 2250 
62 | 1,120 1.5 | Serpentine Austin chalk | 2001 
63 z 0.4 Serpentine Taylor marl 850 
64 z 2 Buda limestone Edwards 6,512 
65 ‘ 


6 Footnotes to column heads and explanation of symbols are given on page 291. 
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PRODUCTION 


The acid treatment of calcareous formations in the Central Texas 
area, while not spectacular, was sufficiently successful to be called 
profitable. In the Pearsall-Austin chalk field acid treatment was used in 
conjunction with “shooting,” for the most part at the time of com- 
pletion. In the fault-line fields it was learned by some operators that a 
period of production before acidation made the treatment more effective. 


TaBLe 2.—Summary of Drilling Operations in the Central Texas Area 


Important Wildcats Drilled in 1936 


Location 
Total Sunk 
a Depth, Bofgetion 
Survey No. 
NB TIOM EERE OE. Preven Sak Sh SE toe EDs od doe A. Lynch 321 | 5655 | Claiborne 
pip cavala eer a teak J cEOLY Pe bees et.aenarie. 2...de aie A.B. & M. 43 | 7082 | Claiborne 
Mn PIN DIG ee ee es ten semen Mince ce nie Broks & Burleson | 15 | 3285 | Edwards 
Che WEES LES Ae Soe SHA CIEMTOG Bee & COR SOUR Tee Laer tee eee A.B. & M 1 | 5756 | Claiborne 
aly UV Levene eter at eC cto Maye gt shel Ress Paetcl cats. yes etewet at ee eioke 6 eae Bastillio i 6020 | Claiborne 
Get BAVeHLONS, Rs 2. Cae SN. ch RUS Oe sdk Corte Gta Samuel Millet i 7141 | Yegua 
eal tleson: ver. siceyc tstockee tay etree alae ohar ae teak aici hens Eliza Santo 210 | 6241 | Crockett 
Ba Bd wards erred s Bosca Aon eee eN te Siok saat es Midpeed G.C.&8. E. 2 | 5270 | Edwards 
OR HOS LORE Sear ptrar os cases Misia ot creme cic oe false cies a x x 6064 | Wilcox-Midway 
Freestone. ........05<073 fos ir sont e KOR Cee obec x fe 4515 | Wilcox-Claiborne 
7 tie AL Gie Seale. etasosel tase e Ginnsinestaveiondion « cusare cian x £ 4220 Taylor 
Important Wildcats Drilled in 1936 
Initial Pressure, Lb. 
: ener Choke,} per Sq, In. 
Deepest : be Frac- 
porinan Drilled by tiousof Remarks 
este an In. 
Sar 8. Casing | Tubing 
1 | Austin chalk Amerada-Rycade 2629 1 1250 500 | Pearsall Austin chalk dis- 
; covery. 
2 | Edwards limestone | Bay Oil Corporation 10-ft. porosity in Edwards 
3 | Ellenberger Wilcox Oil Co. Dry in sandy lime. 
4 | Austin chalk Frank Buttram et al. j Dry in Austin chalk. 
5 | Austin chalk Leona Oil and Gas Co. Dry in Austin chalk. 
6 | Edwards limestone | P. C. Teas et al. Show of oil and gas. 
7 | Edwards limestone | Red Bank Oil Co. _ Salt and sulphur water. 
8 | Pennsylvanian P. C. Teas—Helmerich Abandoned dry. 
ond rayne 1. Salt water with shows of 
9 | Trinity C. F. Lytle et al. cl an fs 
i d R. H. Wheelock et al. ry in Woodbine. 
i Es ig Bi Groginski & Baterman No shows. Abandoned. 


Number of wells drilling Dec. 31, 1936.................. 
Number of oil wells completed during 1986s encmterts 

Number of gas wells completed during 1936............. 
Number of dry holes completed during 1936 
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Shooting was found to be effective in the Pearsall-Austin chalk field. 
Shooting both previous to and following acid treatment was employed 
with no definite conclusion as to which procedure was the more effective. 

Experiments were continued with large-capacity casing pumps but, 
as yet, there has been no marked tendency to break away from standard 
equipment. As new wells are found with high fluid levels there is 
expected to be an increase in the number of casing pumps used. 

While many failures were drilled in 1936 it is expected that the Austin 
chalk will be thoroughly explored for reserves throughout the Central 
Texas area during 1937. To date the Pearsall field is the only one pro- 
ducing from a known Austin chalk reservoir, the production in other 
Austin chalk fields being found in crevices. 
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TaBLE 3.—Accumulated Production from Central Texas Area by Geologic 
Zones 


First Development 


} Accumulated 
Geologic Zone Production, 
Year Field es 

‘Woodbine Saldana. .sccencs cs cain ene 1920 | Mexia 241,489,511 
Edwards limestone...........:..... 1921 | Luling 139,609,320 
' Navarro-Taylor-Midway............ 1896 | Corsicana 33,343,923 
Serpentineust, cawyiet tes us cee can oF 1914 | Thrall 18,926,575 
FATIR GINS D ELcen ee ate EN. (ool cvcte Fue aan 1930 | Dunlap 869,932 
Buda and Georgetown.............. 1922 | Chilton 115,057 
Walnut clay (Paluxy)............... 1902 | South Bosque} 2,500 88,830 
Unknown (Kosse well).............. 1922 | Kosse 10 33,000 


TOTAL LD: Tice eee ee a ecto ak 48,452 | 434,476,148 


Development and Production in the East Texas District 


By Wauuace Ratston* 


(New York Meeting, February, 1937) 


THE Kast Texas district includes the northeast 38 counties of the 
State of Texas. It still remains one of the most important oil-and-gas- 
producing areas of the United States, since it includes within its bound- 
aries the large East Texas field. Other fields of importance are: Van, 
Rodessa, Taleo, Cayuga, Long Lake and Sulphur Bluff. Production is 
from the Nacatoch, Blossom, and Woodbine of the upper Cretaceous and 
the Paluxy and Glen Rose of the lower Cretaceous. Of these, the 
Woodbine is the most important, since it is the producing horizon in the 
East Texas field. 


FIELDS 


East Texas Field.—There were 2471 oil wells, 1 gas well and 84 failures 
completed during the year of 1936 in the East Texas field; that is, 1565 
fewer than in the year of 1935. The total number of producing wells is 
now 22,031, of which 50 are temporarily shut down; 18,435 wells flowing 
their production; 3150 pumping; 293 on gas-lift, and 82 operated by other 
methods. This shows an increase of 1642 wells on artificial lift over 
Jan. 1, 1935. The average daily salt-water production is estimated at 
42,700 bbl. from 2327 wells—an increase of 1201 wells over the year of 
1935. The field is now drilled to an average density of one well to 
5.85 acres. Average bottom-hole pressure has dropped from 1193 lb. to 
1168 lb., approximately 1 lb. drop for each 6,600,000 bbl. of oil produced. 
During the month of December 1936, the estimated daily average pro- 
duction of illegal oil had dropped from 20,500 bbl. in December 1935 to 
7500 bbl. The commercial gas production is of minor importance in the 
East Texas field, and figures for the amount of gas taken from the field 
are not available at the present time. 

Talco Field, Titus and Franklin Counties.—The discovery well was 
drilled by Housh, Thompson et al. on the C. M. Carr tract and completed 
in March 1936, as a pumping well making 552 bbl. per day of 24° gravity 
oil. This well was first completed at a total depth of 4208 ft., the top of 
the sand being 4190 ft. Later it was deepened to 4260 ft., which increased 
the production from 552 to 725 bbl. per day. This field is producing 


Manuscript received at the office of the Institute Feb. 17, 1937. 
* Geologist, Sun Oil Co., Dallas, Texas. 
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from the Paluxy sand zone of Lower Cretaceous age. This is the first com- 
mercial production to be obtained from the Paluxy horizon in the State 
of Texas. Up to the first of the year, 177 oil wells and 13 dry holes had 
been completed. The structure is an east-west trending fault, approxi- 
mately 8 miles long and upthrown on the south side. This fault lies on 
the northern extension of the Mexia-Powell fault zone, about 100 miles 
northeast of the Powell field, previously the most northerly production 
on this fault zone. Powell is producing from the Woodbine sand and 
Talco has been tested dry, in this same formation. Estimated proven 
acreage is about 10,000 acres. Preliminary estimates of ultimate 
production vary from 100,000,000 to 120,000,000 bbl. Approximately 
40 per cent of the wells are completed as flowing wells, the rest being 
pumpers. Very little gas is present, and it is believed that there will be 
sufficient water drive to flush the oil from the sand. 

Sulphur Bluff Field, Hopkins County.—The discovery well was drilled 
by Hager, Luce and Russ Petroleum Co. on the J. E. Worsham tract, 
near the small town of Sulphur Bluff, in the north central part of Hopkins 
County. The well was completed as a pumping well, making 530 bbl. 
of oil per day from the Paluxy sand, at a total depth of 4500 ft. This 
field, like Talco, is a faulted structure and is on the same fault zone. 
Accumulation is on the southeast or upthrown side of the fault. Owing 


TaBLE 1.—Oil and Gas Production in East Texas District 


Area Proved, Acres 


Field, County 

he Ss i me 
5 22 Oil and Gas Total 
I [hey Gas 
5 Se 
Zz aes 
@ se 
3 a 

Dal @eddoyu ariact, aenaac acs feteasis/cniie cm a ancien oir ae Ona ene Cn 32 

Jul Bethany Panda Meise <Paosk LEA. vk ee De ou as eee ae Lee 18 bss 21 21 oy 

SY WMA OMSOIDRIN 55 541.205.0108 (on Tue vees dante hae Come 12 7,500 7,500 

4 | Boggy Creek, Anderson, Cherokee.............ccccccececvevcvcecees 934 200 ‘ 200 

OUIEV Alhey UtiAaniba nce toits la nc cienisic <i stecentereceeneont 4,527 

6 | Van (shallow), Van Zandt 2 200 

7 | East Texas, Rusk, Gregg, Smith, Upshur, Cherokee... . 2,000 | 129,000 

8 | Long Lake, Anderson, Leon 9,000 10, 

9 | Cayuga, Anderson, Henderson, Freestone 9000 12/000 
MOF GaMA Cari, Sey SIiah oa tobe t ob kc cate aAOET, Oekaki ee 6,0002 | 6,000 
LEP R OMENS ARTE T. «sah acecatiuie 155 Shin, Ate Rec ee ; ‘160° 
12a Camp Milled nderaoni tate ideas cocae teed eure mane see ate 500 
LSii| Rodeo : Cassa. daccnnMotiah ccctvde tan oe eee ote ee oe Ee 
DOT) Haak CHO ORE! ser can acres haters cis acted acculein sarc ee Ras ‘ oe as 
15 | Taleo, Titus, Franklin 10, 000” 
16 | Sulphur Bluff, Hopkins 1,500 
17 | Grapeland!, Houston... x a ¢ 
18 | Joaquin!, Shelby x z : 
19 | Carthage!, Panola x x . 


Footnotes to column heads and explanation of symbols are given on 291. 
1 Not enough development to base reasonable dmeatat ee ae 
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to the steep dip of the producing formation, it is estimated that the 
producing area will be smaller than at Talco. Proven acreage is esti- 
mated to be about 1500 acres. Preliminary estimates of ultimate oil 
recovery vary from 20,000,000 to 25,000,000 bbl. The oil produced in 
Sulphur Bluff is of low gravity similar to that in the Talco field. Up to 
Jan. 1, 1937, only 12 wells had been completed. 

Rodessa Field, Cass County.—The first oil well of the Rodessa field 
completed in Texas was drilled in December 1935. Since that time it 
has been proved that the larger part of the Rodessa field lies in Texas. 
During the past year, 169 wells were completed, 159 being oil wells, 2 gas 
wells, and 6 dry holes. - Rodessa produced 3,139,641 bbl. of oil during 
1936. It is very difficult to give an accurate figure on the amount of gas 
produced with the oil in this field, as large quantities of it are blown into 
the air, while making the oil production. The crest of the structure 
produces only gas, while the flanks produce oil. Wells located on the 
border line between the oil and gas areas have very high gas-oil ratios. 
Some of the wells in the Louisiana side of the field have gas-oil ratios as 
high as 120,000 cu. ft. toa barrel. The average bottom-hole pressure has 
dropped from 2800 lb. to 1967 lb. during the year. Structurally this 
field is a northeast-southwest trending fault, extending approximately 
15 miles across the north flank of the Sabine uplift. Production is 
limited to the north or upthrown side of the fault. During the year of 
1936, the United Gas Co. took 2.5 million cubic feet of gas from this field. 


TABLE 1.—(Continued) 


Total Oil Production, Bbl. Total Gas Fein, Millions Number of eae Gas 
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3 ’ 44,451 {1,817 | 1,878 5 es 6 
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; 174,200,150 270, , , 5 
i 18710 p 381,743| 1,183} 7,846 |2,631 | 5,215 y 33 18 
9 4,032,273 1,294,128] 2,156,095} 6,511) 5,988.5) 623.5) 5,365 y He 62 
10 
755,919 369,640 345,887 751 13 1 
B 258,779 125,993 132,786 176 ; 10 2 2 
162 161 
3 3,152,700 13,059] 3,139,641) 20,975 2.5 2.5 y 
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Van Field, Van Zandt County—During 1936 there were 55 wells 
completed in the Van field, 49 in the Woodbine area and 6 in the Naca- 
toch sand area. This makes a total of 546 wells producing in the Wood- 
bine area, and of these 355 are flowing their production and 191 are 
pumping. There are 30 producing wells in the Nacatoch sand area, all 
of which are pumping their production. The production from the 
Nacatoch sand area is of small economic importance. The total produc- 
tion for both areas during the year of 1936 was 12,576,452 bbl., which is 
1,445,331 bbl. less than during the year of 1935. This decrease in 
production is due to proration and not to the depletion of the field. 
Bottom-hole pressure dropped from 1168 to 1162 lb.—an average drop of 
1 Ib. in pressure for each 2,100,000 bbl. of oil produced. 

Long Lake Field, Anderson County.—During the year, 15 oil wells, 2 gas 
wells and 1 dry hole were completed in the Long Lake field. This 
increased the yearly oil production from 94,974 bbl. in 1935 to 381,743 
in 1936. The volume of gas produced increased from 2631 million cubic 
feet in 1935 to 5215 million in 1936. As of Dec. 31, 1936, there were 
33 producing wells in this field, 18 being oil wells and 15 gas wells, all of 
which are flowing their production. 

Cayuga Field, Anderson County.—During the year, 62 wells were com- 
pleted in this field, 57 being oil wells and 5 gas wells. Oil production was 
increased from 1,294,128 bbl. in 1935 to 2,156,095 bbl. in 1936. Gas 


TaBLE 1.—(Continued) 


: . > Character of Oil 
Number of Oil and/or Gas | Depth, Aver-| Oil Production Methods} Pressure, Lb. per Sq. : 
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10 5,285 | 5,695 
11 12 12] 2,013 | 1,995 12 700 23.8 OAseP 
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17 1 2 x 2,200 
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19 1 x x 1,850 


2 Kigure for top and bottom of producing zones are from the top of the highest pay to bottom of lowest pay; six or more 
horizons are present in this interval. 
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production was increased from 623.5 million cubic feet to 5365 million 
cubic feet during the same period. This field now has 170 producing 
wells, 144 being oil wells and 26 gas wells. As of Dec. 31, 1936, there were 
160 flowing wells, 4 pumping wells and 6 wells being operated with flow 
valves. The Tidewater Oil Co. and the Seaboard Oil Corporation drilled 
their second Trinity test about 2 miles southwest of their first test?. 
This test was completed at a total depth of 7570 ft. in the lower Glen Rose 
of lower Cretaceous age. The well flowed 16 bbl. of distillate and 
11,925,000 cu. ft. of gas on an 8-hr. test through 14-in. and 1-in. tubing | 
chokes and }4-in. and 3¢-in. casing chokes. 

Other Areas.—The other fields in this district—Caddo, Bethany, 
Waskom, Boggy Creek, Kittrell, Camp Hill and Rusk—were extremely 
quiet, very few wells being drilled and no new horizons being added. 


EXPLORATORY DRILLING 


There were 77 failures in the East Texas district during 1936; that is, 
129 fewer than during 1935. The main reason for the decrease of wildcat 
activity was the discovery of Talco, Sulphur Bluff, and the extension 
of Rodessa into Cass County, Texas. The development of these fields 
used most of the drilling rigs that were capable of drilling deep tests. 
This exploratory drilling discovered, besides Talco and Sulphur Bluff, 
three gas-distillate fields, as follows: Grapeland field, in the north central 


TABLE 1.—(Continued) 
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1 See Trans. A.I.M.E. (1936) 118, 367. 
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part of Houston County, approximately one mile north of the town of 
Grapeland; Joaquin field, in the northeastern part of Shelby County, 
near the small town of Joaquin; and the recent discovery 6 miles east 
of Carthage, in Panola County. These gas-distillate discoveries may 
prove to be substantial oil-producing fields, but to date there has not been 
sufficient development to predict their extent and economic importance. 

The Grapeland field was discovered July 16, 1936. The discovery 
well was drilled by Ellison, McBride, Haberle and Thornton, on the 
J. E. Bean tract, and completed in the Woodbine sand at a total depth 
of 6037 ft. The initial test showed the well to be capable of producing 
at least 50,000,000 cu. ft. of gas per day with a large amount of distillate. 
This discovery is very important, as it extends the area of possible 
Woodbine production approximately 15 miles southeast of any previous 
Woodbine production. 


TaBLE 2.—Summary of Drilling Operations in East Texas 


Important Wildcats Drilled in 1936 


Total Deepest 
County Survey Depth, Surface Horizon 
Ft. Formation Tested 
1 4260 Midway Eocene Paluxy CreL 
2 6033 Mt. Selman Eocene | Woodbine CreU 
3 4500 Midway Eocene Paluxy CreL 
4 5029 Wilcox Eocene Glen Rose CreL 
5 6002 Wilcox Eocene Glen Rose CreL 
6 7799 Mt. Selman Eocene | Travis Peak CreL 
Important Wildcats Drilled in 1936 
Initial Production Pressure, Lb. per 
per Day Sq. In. 
. Choke, 
Drilled by Fractions Remarks 
Oil, Gas. of an Inch 
U.S. Millions Casing | Tubing 
Bbl Cu. Ft 
1 | Housh, Thompson & Hinton 726 Pump Discovery Talco. 
2 | Ellison, McBride et al. 2344 x% 1800 2200 | Discovery Grapeland. 
3 | Hager, Luce & Russ 530 Pump Discovery Sulphur Bluff. 
5 |G: Glassell 314 4 1850 450 | Discovery Carta 
: ey ce 4 1750 p reg Carthage. 
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In Proven Fields | Wildcats 


Number of wells drilling Dec. 31, 1986............. aed 158 21 
Number of oil wells completed during 1936... ie xa 2891 2 
Number of gas wells completed during 1936... ; 12 4 
Number of dry holes completed during 1986.................0005 111 77 
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Joaquin field is in the northeast corner of Shelby County. The 
discovery well was drilled on the Pickering Lumber Co. tract, by H. A. 
Stebbinger. Initial gauge of the well, at a total depth of 5029 ft., was 
estimated between 5 and 10 million cubic feet of gas and a small amount 
of distillate. The producing horizon is in the lower Glen Rose of lower 
Cretaceous age. 

Carthage Field.—The recently completed gas-distillate well, 6 miles 
east of Carthage, in Panola County, was drilled on the Frost Lumber Co. 
tract, by A. C. Glassell. This well was completed in the lower Glen Rose 
at a total depth of 6002 ft., making approximately 4 million cubic feet 
of gas and some distillate. 

The gas-distillate wells, which have recently been completed in the 
lower Glen Rose formation, revive hope for production from this same for- 
mation on other well-known structures that have been proved dry in the 
upper Cretaceous formations. 

Another important test drilled in this district during the year of 1936 
was drilled by the Pure Oil Co. on the Faulkner tract, in the south 
central part of Rusk County. This well failed to obtain any commercial 
production, although it tested the Glen Rose and possibly the upper 300 
ft. of the Travis Peak formation. Although the well is on a large faulted 
structure on the southwest flank of the Sabine uplift, it did not encounter 
any good porosity in the Glen Rose or Travis Peak. 

Approximately 170,000,000 bbl. of new reserves were added to the 
district during 1936. Because of the size of the East Texas field, these 
new reserves did not equal the total production for the district, which was 
185,657,691 bbl. Of this total the East Texas field produced over 
165,000,000 barrels. 


SUMMARY AND OUTLOOK FOR 1937 


The East Texas field should be fully developed during the year. 
Rodessa, Taleo, and Sulphur Bluff should be outlined and mostly 
developed. Several very important exploratory locations have been 
proposed for the coming year. 
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Oil and Gas Production on the Texas Gulf Coast 
during 1936 


By W. V. Viert1,* Memper A.I.M.E., anp E. P. Hayes 


OPERATIONS on the Texas Gulf Coast during 1936 increased materially 
over 1935. A number of new fields were discovered and a few of the 
older fields were extended, both by the discovery of deeper pay sands and 
by lateral expansion of the known producing horizons. ‘Twenty-seven 
new fields have been discovered, of which 25 are oil fields and the others 
are gas fields that have every indication of becoming oil-producing areas. 
Amelia, Anahuac, Bay City, North Pettus, Placedo, Pickett Ridge and 
Tomoconnor have had major extensions. 

Production for 1936 amounted to 91,224,844 bbl., an increase of 
21,627,033 bbl., or 31 per cent, over the 1935 production of 69,597,811 bbl. 
The number of producing wells at the end of 1936 was 6727, as compared 
with 4851 at the end of 1935. Proration has continued in force, thus 
decreasing the rate of depletion and the number of abandonments nor- 
mally expected. 


New FIewps 


A brief discussion of the new fields follows, in addition to Tables 1 
and 2, which contain the general data on these fields. 

Aransas (McCampbell).—Buckingham and McCampbell No. 1 
McCampbell was drilled to 7501 ft., then plugged back to 6560 ft. and 
completed in the Marginulina for a 100-bbl. flowing well on July 18. 

Bee County.—The Voss field, discovered by Swiger and Devonian’s 
No. 1 Voss, and the Holzmark field, discovered by Miller and Donzis 
on the Holzmark farm, are both of the same type structurally and are 
caused by folding against a fault, one field being on one side of a fault 
and the other on the opposite side of the same fault. 

Brooks County.—Standard Oil Company of Texas Garcia No. 1, the 
discovery well in the Alta Mesa field, and Dick Young’s Singer No. 1, 
the discovery well of Alta Verde, appear to indicate small fields. Garcia 
No, 1 was drilled to 8022 ft. and plugged back to 2485 ft., at which depth 
the well made 189 barrels. 

Lockridge.—This gas field was discovered by Gulf Production Com- 
pany’s Fairfield No. 1, in Brazoria County. It was originally drilled to 


Manuscript received at the office of the Institute March 11, 1937. 
* Producing Department, The Texas Company, Houston, Texas. 
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TaBLe 1.—Ouil and Gas Production in Texas Gulf Coast 


Area Proved, Acres Total Oil Production, Bbl. 
Field, County 

x sg Oil 5 Gas | Total | To dene of | During 1935 | During 1936 
g ae 5 

Z ic} 3 

Oo Mic: 3 

=I on 

3 ce 3 

1| Spindletop, Jefferson............ 36 430 0 0 430) 123,023,474 948,357 844,684 

2 DSaLlOWsekeswe sete es 36 280 280} 50,949,388 115,000 102,500! 

3 DOOD Rees ate ond «sks aes otetere 11 150 150 72,074,086 833,357 742,1841 

4| Saratoga, Hardin............... 36 538 0 0 538} 28,102,048 317,698 366,057 

5 | Sour Lake, Hardin.............. 35 946 0 0 946| 77,985,875 611,983 572,165 

6) Batson, Hardin... 6.006 cs. 34 597 0 0 597| 37,613,457 616,343 653,484 

7 | Big Hill, Matagorda............. 33 15 0 0 15 210,906 | (Prod. Depleted 1907) 

8 | Hoskins Mound, Brazoria....... 33 10 0 0 10 31,755 | (Prod. Depleted 1907) 

Oil eumnble; Harrtss.nie so sieve-s sve 0) 32 2,400 0 0 2,400} 121,335,873 1,242,994 1,196,159 
10 Shallow: cists ccetiegis os pos 32 2,200 2,200} 108,971,447 650,000 569,200! 
il BCED GEA celeste esses 8 200 200} 12,364,426 592,994 626,9591 
12 | North Dayton, Liberty.......... 32 55 0 0 55 2,252,936 56,120 45,939 
13 eed Sales etaralpinie span bstrerth vee 32 25 25 800,000 0 0 
14 Deen rc cek oe ates nacre 9 30 30 1,452,936 56,120 45,939 
15 | Goose Creal: HGETIS protec ase 29 910 0 0 910 75,250,559 1,048,987 978,726 
16| Markham, Matagorda,.......... 29 300 0 0 300 5,911,013 468,566 567,389 
T7Orange, Oranges. cccccctee sess se 24 400 0 0 400} 32,009,228 261,833 247,344 
18 | Brenham, Austin and Washington| 22 55 0 0 55 339,008 4,896 9,117 
19 | Damon Mound, Brazoria........ 22 270 0 0 270 9,195,351 197,979 179,215 
20| West Columbia, Brazoria........ 22 350 0 0 350) 79,463,495 872,560 788,095 
21 | Barbers Hill, Chambers.......... 21 515 0 0 515} 55,561,179 | 6,780,982 5,471,266 
22 = aed Detsistrts eigigts shas ao'@he are 21 70 70 1,735,214 0 0 
Bee DCO cic acirss am rains ogni S 9 445 445| 53,825,965 6,780,982 5,471,266 
24 | Hull, is Ce sidletere alates «Beaks 19 750 0 0 750| 81,937,727 | 2,320,564 1,956,507 
25 Shallow eects sie rach Siete 19 650 650} 77,441,748 1,256,822 1,079,311 
OU eat DS Ce nar 4 100 100 4,495,979 1,063,742 877,196 
27 | Blue mee Bort Bend'ctes ofa. 18 325 0 0 325 10,220,815 335,328 526,740 
28 | Pierce Junction, Fort Bend....... 16 320 0 0 320] 29,580,441 1,177,255 1,293,178 
29) Bdnay Jackson. «3.0 b.cwcteae vce sle 16 0} 20) 105 125 ry 0: 0 02 
30 | Big Creek, Fort Bend........... 15 200 0 0 200 8,983,950 355,126 392,975 
31] High Island, Galveston........... 15 200 0 0 200}~ 18,112,306 | 2,521,916 2,066,254 
32 | Stratton Ridge, Brazoria 15 25 0 0 25 12,214 | (Prod. Depleted 1933) 

33 | Big Hill, Jefferson.............. 14 10 0 0 10 13,853 | (Prod. Depleted 1924) 
SET Hockley;, HArntesrsicas cs s<'o.0e1-'a/0 14 10 0 0 10 23,404 | (Prod. Depleted 1935) 
35 | Mathis, Live Oak and San Patricio | 13 0 0} 100 100 

36 | Boling, Fort Bend and Wharton | 12 200 0 0 200 5,065,712 183,925 347,871 
37 | South Liberty, Liberty........... 12 344 0 0 344] 15,054,602 199,868 231,740 
38 | Kingsville, Kleberg............+- 11 90) 0} = 175 265 660,352 22,994 21,659 
39 | Nash, Brazoria and Fort Bend....| 11 120 0 0 120 1,651,574 13,816 14,313 


« Footnotes to column heads and explanation of symbols are given on page 291. 


1 Estimated. 
2 Production used to develop field. 
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TaBLE 1.—(Continued) 


Total Oil ; Depth, 
: Total Gas Production, ‘ A 
ae Millions Cu. Ft. Number of Oil and/or Gas Wells : — 
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=) = OS | acer raise ces 
£ | 2 | 2/25 |2eles| 3 
is) SAS ties | ee ce & 
2,071 1,346 3 1 133y 146 146 + 
1,621 1,002 0 y y y { 1,200 
4501 344 3 y y y | 3900 
884 757x 18 3 17 222 222 1,000 
1,568 780x 1 y| 46 185 185 900 
1,487 over} 12|/ 2 | 6 | 202 202 { en 
3 862 
6 623 
3,036 1,685 5 0 1 257 257 
y 1,591 0 0 y y y 7008 
y 94 5 0 y y y| 5,670 
116 62 0 0 4 7 7 3,800 
0 52 0 0 0 0 0 1,200 
116 10 0 0 4 a 7 ry 
2,385 866 5 3 y 82 82 4,600 
1,836 139 9 3 7 33 33 3,800 
699 315 1 4 16 46 46 4,000 
20 62 y 7] y 29y 29y 225 
430 128 6 3 y 32 32 2,700 
2,003 236 3 4 4 32 32 3,200 
12,157 398 24 26 7 162 162 4,500 
42 0 0 0 0 2,300 
12,157 356 24 26 vi 162 5,200 
5,376 732 19 10 12 179 179 2,900 
3,165 624 10 0 y y y| 2,200 
2,211 108 9 10y y y y| 4,650 
1,095 180 13 7 0 52 1 53 3,600 
3,800 
3,986 as| 2| 13 | 4 | 7 76 { an 
0 ol Py yyy 12 1 7 7] ly ly] 4,655 
947 76 6 y 1 24 24 3,850 
4,600 
3,249 or 0a} Pea Paes 1| 54 { eae 
4 4,360 
3 2,500 
3 2,250 
y y v 7] 5 y y y| 2,385 
1,059 156 6| 16 y 71 1 72 1,375, 
682 322 4 4 0 51 51 3,500 
58 19 0 y y 9 3 12 | 2,350 
51 24 0 0 y 1 i 4,300 
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Depth * 9 
” | Oil Production Methods P Lb Ch: i Character of Gas, 
Average ressure, Lb. aracter of Oil, Approx. 
Fi at End of 1936 _ Ind : Approx. Average 
sails per Sq. In.¢, Average during 1936 during 1936 
Number of Wells Average at End of hep ine Fr 
To Top 
: B.tu. |, Gal. 
5 ig 2 Initial sy Gasoline 
2 Zone =| y Cu. Ft.. per M. 
q al ale aS 1935 | 1936 | §| 8 |yel-8 Cu. Ft. 
ra q = Pa BS A= E g a b= Sy 35 
2 B |e |a| a (se 2|2| 38 [Bs] 3 
Hel) & | & | 3d | ee = |S |e ams 
1 4 142 50 50 26 |0.24/ A 
2 « ee ey 25 A 
3 400+ 29 = |23 26 A 
4 222 G-1 z 22 116 20 y|A 
5 13 172 x 31 {16 20 y\A 
6 5 196 1 x 40 |20 27.7], ylA 
7 4 x Crain z zi\A 
8 600 x C Ne x 2 \A 
9 6 | 251 E 52 {18 26.5)0.11) A 
10 
11 
12 7 41.5/22 28 10.12) A 
13 x 24 
14 400 36 
15 82 30 |20 23.50.19] A 
16 8 25 x 27.6/23 23.2/0.21) A 
17 1 45 z 27.4/20.4| 23.8/0.18) A 
18 29y 19 |14 17 y|A 
19 1 31 x 33/21 26 10.37; A 
20 1 29 2 32 118 28 y\A 
21 46 103 13 84 |24.8} 26 |0.21)A 
22 + 
23 46 103 13 296 877 | e1,565 |34 (24.8) 26 |0.21;/A 
24 7 172 41 17 32.7/0.28] A 
25, : 2 118 x 38 |15.5} 30 
26 5 54 530 41 (36 38 
27 2 50 385 45 |20 26 0.25) A 
28 We 26 | 50 355 41.5}21 | 27.60.17) A 
29) 4,640 | ly y yoy | ow | vly y y 
30 1 23 400 42.7|19.5| 28 y lA 
31 15 37 1 527 39 |23 33 y lA 
32 2 29 oA 
33 x fe cl|A 
34] 2,220 40 37 22 32 cilA 
35| 2,375 935 y y 
3 36 35 33.7/21.3] 28.3]0.41) A 
3 2 49 50 47 |20.5| 24 |0.18/A 
38} 2,050 2 us 21.5/0.14| A 
39 1 800 19.9] yA 
ae 
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. Deepest Zone Tested 
Producing Rock = End of 1936 
es 
33 
3 mi Depth 
"i Name Agef ge A mo Name of ig 
4 2 £2 | . ls¥e 
5 & | B | 8] & legs 
iz 3 | Hs | & ass 
g s & | Seok ieee 
pa 5 & | at] & ze 
1 Ds | 126 | Vicksburg 6,654 
2| Cap rock, Pli {Pr oe { SH be z 18 
3 Mio, Mid-Olig, Frio Mio, Oli Ss Por 69 108 
arto, Mid-Olig, io, Pli, 
‘ cap 5 Pl By Mid-Ol | Og Peete he Ps ie ew Le fhe 
Cap rock, Pli, Mio, Mid-Olig, e-Ter, Pli, , Ss, av 
5 roseageee hy See pie bbe Ss 4: { SH el t | Ds 190 | Yegua oe 
ap rock, Lissie, Lagarto, re-Ter, Pli, av 
6) 1 Mid-Olig, Yegua Mio, Olig, Hoc| L 5s Por V4z |Ds || 832) Crockett = 
av 
7 | Cap rock, Mio Pre-Ter, Mio Lz Por a | Ds ff ks 2.000 
8\y y SH Or Ds 39 | Salt 1,150 
9 Ds | 810 | Cook Mt. 8,181 
10 | Cap rock, Mio Olig ihe ak (BSE ts 
Mid-Olig, Jackson, : 
ret fomters pa Olig, Eoc SH |Por | 400 
12 Ds 109 | Yegua 5,700 
13 | Pli, Mio Pli, Mio Ss Por & 
i, Mio, Mid-Olig, i, Mio, 
15 | { Fito Vickebarg { Oliz {So | Por 402 |D | 264 | McElroy oes 
Cap rock, Pli, Pre-Ter, Pli, L, SH, | § Cav . 
16 | | Nib, Mid-Olg { Mo, li {So {Sey | aor | Ds | 143 | Vicksburg 6,044 
17 Miolg ae — Ss, SH | Por 302 | D 90 | Vicksburg 6,163 
18 | Oakyille, Cockfield Mio, Eoc SH Por 10x | Ds 63z| Sparta 3,572 
19| { Vimeo Mio, Olig SH |Por | 432|Ds | 180 | Vicksburgy | 7,583 
Pli, Mio, Mid-Olig, Pli, Mio, : 
20/4 Frio Vailas { ole Por | 250+|Ds | 169 | Vicksburg 6,306 
21 752 |Ds | 144 | McElroy 8,148 
22 | Pli, Mio Pli, Mio Ss Por 42x 
23 | Mio, Frio Mio, Olig Ss Por 80x 
24 att Ds | 216 | Cook Mt. 6,845 
25 | Pli, Mio, Mid-Olig he oa Por 60 
26) Yegua ; SH Por 150z 
27 | Mio, Mid-Olig, Frio Mio, Olig SH Por Ds 112 | Jackson 6,189 
28 | Mio, Frio, Vicksburg Mio, Olig Ss Por 1302 | Ds 170 | Hockleyensis 7,165 
29) Frio aie Olig Ss Por l5y | D 8 | Cockfield 7,180 
bo) { Fi Mic. lacie, Oi” = [SH | Por, «| 54 | Ds | 63 | Jackson 5,536 
31| Pli, Mio, Mid-Olig Oe =| 8 SH | Por | 352 |Ds | 114 | Mid-Olig 6,275 
32| Mio Mio 8 Por 10 |Ds | 108 | Mid-Olig 7,624 
33 | Pli, Mio Pli, Mio 8 Por 10 | Ds 55 | Mio 6,010 
34| Cap rock, Frio Pre-Ter, Olig | L, SH [Por 30 |Ds | 64 | Caddell 7,063 
35 | Mio Mio 8 or 10 | ML 6 | McElroy 5,526 
36 | Cap rock, Mid-Olig, Frio Pre-Ter, Olig | L, SH {par 60 | Ds 72 | Vicksburg 5,546 
37 | Jaco, Yea { Mio» Olig, {SH | Por | 1002 |Ds | 117 | U. Saline Bayoul 5,174 
38 | Lagarto : Mio : Por 20 |D 54 | Frio 6,922 
39 | Mio, Mid-Olig Mio, Olig 8,SH_ | Por 60y | Ds 40 | Vicksburg 6,800 
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Area Proved, Acres Total Oil Production, Bbl. 
Field, County 
¥ 23 Oil P Gas | Total | To ead of | During 1935 | During 1936 
: - 
a ° ao 
g ys} 8 
3 ss 5 
40 | Orchard, Ford Bend............. il 220 0 50 270 3,097,379 239,016 206,847 
41\| Allen, Brazoria.........0.0...0- 10 10 0 0 10 81,561 3,242 3,228 
42 | Fannett, Jefferson. Stats istare,o e's" s. 3% 10 90 0 0 90 1,915,880 239,534 329,714 
43 | Clay Creek, Washington......... 9 300 0 0 300 3,650,548 361,641 398,609 
44 | Raccoon Bend, Austin.......... 9 2,812 0} 600 3,412} 17,056,666 | 1,681,210 1,941,871 
45 plisllows.. sacri Geen oc .aet 9 1,458 1,458 15,348,938 1,082,040 969,755 
46 Deep ieieees WODOOon Ae Ont OOn 3 1,354 1,354 1,707,728 599,170 972,116 
47 | Refugio, Refugio................ 9 1,877 0) 2,720 4,597} 33,612,119 1,437,200 1,788,649 
48 mallowradeesctetoanc«taces 1,025 1,025} 21,286,435 650,000! 780,0001 
49 Deepest eon cick Gyatcaaiccs 852 852 12,325,684 787,200! 1,008,649 
50 | Rockland, Jasper............... 9 20 0 0 20 30,858 797y 791 
51 | Sugarland, Fort Bend........... 9 1,165 0 0 1,165} 24,867,251 | 2,098,407 1,732,348 
52 | Esperson, Liberty............++. 8 400 0 0 400 4,186,658 439,300 632,771 
53 | Hankamer, Liberty............-. 8 420 0 0 420 4,308,239 553,909 779,294 
54 | Lost Lake, Chambers............ 8 55 0 0 55 842,302 85,737 66,796 
55 | Port Neches, Orange..........-. 8 175 0 0 175 4,037,199 596,196 561,260 
56 | Agua Dulce, Nueces............ 7 0} 500} 9,500 10,000 241,230 72,894 39,422 
57 haNOW 5 chee Se mene ce hore 
58 Deep eats ib urtel sects givines ’ 
59 | Danbury, Brazoria..............| 7 0; «40 0 40 4,599 0 50+ 
60 | Moss Bluff, Chambers and Liberty| 7 10 0 0 10 179,235 | (Prod. Depleted 1933) 
61 Mykawa, Harris Se ee eee 7 270 0 0 270 2,321,088 710,024 1,176,864 
Pettus District, Bee 

62 Pettus Siete a aitiaiiete es Hedin 7 600 0 100 700 8,070,182 504,856 520,961 
63 Rampal SF, jaca os antes 7 25 0 0 25] (Prod. included with Pettus) 
64 Hartzendorf. 025.60... .0003%% 2 20 0 0 20] (Prod. included with Pettus) 
65 OTTHEBBA 5 05-5 cvs)ecae ie e's eee 7 20 0 0 20 49,828 2,856 3,914 
66| North Pettus, Bee, Goliad and 

(gC Se ees See ar ere eer fi 560} 20 20 600 1,841,570 446,262 556,728 
Bab Lule ta, 66): ict devo violas 63.010 seve 5 80} 25 0 105} (Prod. included with West Tuleta) 
68 | West Tuleta, Bee............... 3 800 0 0 800 1,310,477 717,560 349,956 
GONKCaesar, Bees, ccs. seaweed aes 3 285 0 175 460 598,741 272,712 319,159 
OUP DDI SH Be bse o.c:tee:9.0,sedieers of 0's 3 3 865 0 0 865 2,359,324 643,443 1,710,812 
71 | Holzmark (Foley), Bee.......... 2 60 0 20 80 3,994 335 3,659 
WAM ERY DEG Naess cele sinvottleie «lea Sins 2 400 0 0 400 913,635 298,052 615,583 
73 | Worth, Bee.... 2 50 0 0 50 21,194 9,691 11,503 
74 | Plummer, Be 1 40 0 0 40 730 730 
75 | Voss, Bee.... 1 100 0 0 100 36,587 36,587 
EAH OAKCb) IN UCLESS » atayoia,0)< slejars oo) eo'e 7 | 4,286 0} 1,300 5,586 8,183,946 | 1,049,000 4,864,619 
77 | White Point, San Patricio....... 7 0} 20) 3,865 3,885 78,901 11,908 5,861 
78 | Slick, Goliad.............0e000+ 6 25 0 0 25 53,928 Oy 526 
79 | Lucas, Live Oak............000 6 0} 500} 4,000 4,500 169,027 63,470 22,593 
80 | Manvel, Brazoria. e126 1,741 0 0 1,741 7,386,253 | 2,485,585 3,030,625 
81 Shallow... xt ee 748 748 y y y 
82 Deepens <eetecses es 993 993 y y y 
83 | McFaddin, Victoria...........+- 6 0} 10) 845 855 69,008 37,895 3,785 
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Total Oil : Depth, 
: Total Gas Production, : A 
ee Millions Cu. Ft. Number of Oil and/or Gas Wells : — 
During 1936 At End of 1936 
Maxi- 
. . . Com- eo | Bottoms 
‘age during | 7? End | “ng. | During | Daily | pleted ike AS lela 
.. nm >a | Oo oO = 
Nov. 1936 | Of 1936 | 1935 during = 1936 oS see Pop lend co 3 Wells 
1936 3 r= a2 | g 8318 Fe 
2 8 | 58/38, lsdsrs.| & 
qa | Se] Sy /85/S5 s 
e | 2 | ge | 22 leelee] & 
is) I Ve pe =i iad = = 
1,300 
497 28 a) aa a a a 14 {e700 
10 5 0| oO 0 1 1 5,030 
809 20 6 1 0 19 19 { 5,700 
1,003 65 ul! 0 0 51 4| 55 | 1,250 
4'959 516 219 35| 0 | 17 | 169 5 | 174 
2/468 139 3 17 91 4} 95 | 3,450 
2/491 80 32 0 78 1| 79 4,100, 
5,092 42ty]  25y) sv | 8y | 108 62} 165 |] 500 
2,215 3,700 
2/8771 5,400 
0 8 oO 28 y 0| 1,275 
2,597 71 1| 0 | 10y| 52 52 | 3,600 
1,718 | iz] 7] 1] 40 2] 42 {P00 
1,745 40 5 vy) 35 35 | 15700 
158 13 0 2 8 1 9 | 2,735 
1,029 19 0} o 0 18 18 | 3,942 
y y y y 7] 0 y| 19 19y aes 
4,8208 
0 2 0 1 0 0 5,781 
3 
5 { 5,500 
2,403 41 7 | 4 y| 29 1| 30] 4,593 
1,395 88 4i| 10 y| 39 4} 43] 3,900 
3 Dale ad y 3,650 
ly 7] y 7] 3,651 
10 3 o| 1 0 2 2} 3,630 
1,570 77 43| 0 7 67 9] 76 | 3,664 
12 0] 0 Qy 2] y| 2y| 4,138 
854 73 3] 12 7 36 7| 43 | 3,960 
615 42 6| 4 y| 36 2] 38] 3,055 
3,411 100 29] 1 0 99 99 | 31875 
35 5 P1°s y| 3] ty 1] by {2005 
1,264 43 8| 3 y| 40 0| 3,944 
24 2 0| 0 0 2 2] 3,407 
4 3 Sal ao 2 1 1| 3042 
313 7 7] 0 0 6 1 7| 4,005 
2'3608 
19,595 371 | 256 y| 16y| 326] y| 29| 355y }400 
6, 
25 35 0} 0.) .0 1 15 | 16 {P02 
0 3 0| 0 3 0 4,225 
0904 
78 39 Sih 0 8 Bilis’, hae ee 27 |p 
287 
7,265 140 39] 0 Saledas 4| 187 
7] y y 7] 68 y y| 4,016 
y ; y y 7] 65 y y| 5,160 
3 1,071y| 163 154y 4 0! 0 B 1 9 3 eke 


» —are 


W. V. VIETTI AND E. P. HAYES 


TaBLE 1.—(Continued) 
ci eee ee SE ae ee 


479 


jee Oil poppies See Pressure, Lb. Character of Oil, Approx. eek of Gas, 
verage at End o! 6 s d ; pprox. Average 
a wee per Sq. In. Average during 1936 during 1936 
Gravity 
Number of Wells Average at End of APL at 60° F. 
To Top Gal 
a | obEro- > | Initial Pac oline 
8 | ductive = cl Ft, | per M. 
Dae E 3 1935 | 1936 | 8} 8|ye|.2 "| Cu, Ft. 
i") =] +> aa LOLe =I =} SLwiro 
a & a | 3/5 Ss |g | as |Zol. 
2 5 8 || 188 Bled | 22 lay] 2 
S| eo 3 gs | Ey oe S| | oF joo! @ 
3 e | & |S] [8 = |2 |B la" 
40 & | 9 375 54 22 | 35 | y la 
41 1 200 41.3/28.3) 34.3)0.11) A 
42 2 17 540 30/25 28 y|A 
43 8 43 350 27° (23 26 10.36] A 
44 70 99 38 16 30 0.18] A | 1,000 0.80 
45| 3,430 3 88 275 250° 32 «|16 28 
46] 3,975 | 67 11 e1,800 550° 38 |32 34 
47 63 40 1,200 60 21 31 |0.14/ A 
48} 3,600 550 33 |0.10 
49 y 1,700 29 10.17 
50 1,260 25/21 21 |0.26) A 
51} 3,450 | 48 9] y | e1,570 e1,372 | e1,376 28 0.31) A 
52 11 29 100 26 (22 24 10.26) A 
53 9 26 424 26 |15.7| 23.4/0.33] A 
54] 2,679 8 490 23 .8)18 22.4/0.22| A 
55 4 14 155 1,700 38 19.4] 29 |0.26) A 
56 59 |0.02) M 
57} 1,998 865 800 700y 
58} 4,804 1,900 1,650 1,500y 
59| 5,761 2,200 Distillate A 
60 800 280 29.7|0.21| A 
61 6 23 290 30.5/27 28.2/0.14) A 
62] 3,860 39 236 49 |45 47 |0.05} M 
63 100 45.1] y |M 
64| 3,642 45 |-y |M 
65] 3,613 2 150 40 y|M 
66] 3,655 | 36 31 51 45 47 y|M 
67| 4,102 1 1 534 51 {45 46 y |M 
68} 3,935 | 14 17 5 792 51 {45 47 y |M 
1,160 
69} 3,040 2 28 6 315 26.4 y|M 
70| 3,859 | 85 14 1,000 850 700 45 y|M 
71 4 1,050 
72| 3,838 | 25 15 450 450 400 46 y|M 0.80 
73 1 1 850 : 30.3} y|M 
74 1 1,010 1,000 
75 ae 6 45 y|M 
34 4 
76 } 080 291 | 35 {ate | 4 e00 50 |20 | 31 |0.18|M 
6,720 
4 
77| 4,880 1 { oe00 31 |0.09) M 
78| 4,211 550 800 48.6/0.04) M 
2,020 4 5 
79 33 7 3 { in { a 42 |24 36 A 
0) 88 | 44 | 1 28 |22.8) 25 | yA 
81} 3,990] 25 43 1 1,500 e1,700 24 
82] 5,000 | 63 1 0 meta ace 26 
2,440 , ’ 
sar 2% ‘ ener 46 |0.16,A | 990 | 0.69 


5 Flowing pressure through tubing on small choke. 
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, Deepest Zone Tested 
Producing Rock to End of 1936 
~2 
Ua 
a2 
3 mia Depth 
= Name Ages ge Ane Name of Oe 
5 2 68]. los . 
g Sek s 4 Sees tae 
Zz 2 | # | agi sees 
2 3 2 $ z g «5 
4 5 ye oan ene 
40 | Mio, Frio, Cockfield {mo Olig, Ss 20y 30 | Ds 23 | Cockfield 7,892 
41 | Mio Mio SH Por 10 | Ds 30y| Miocene 5,958 
42 | Mio, Mid-Olig, Frio Mio, Olig Ss 20 20 | Ds 35 | Vicksburg 6,661 
i 1 iS} Ds 52 | Wilcox 7,500+ 
i Claiborne, Wilcox Koc HH Por 120 o $6 |L. Sekine Bayou| 7/061 
45 | Whitsett, McElroy Koc §s 25+ 40 
46 | Cockfield Eoc Ss 25+ 20 ¥ 
47 SH Por 30 |D 106y| Vicksburg 9,131 
Abe ee aS 
4 rio ig or 
50 ies Eoc Ss Por 10 | MF 11 | Cockfield 1,320 
eterostegina, ‘ 
bi | { Heterostegina, Olig Ss 25+ | 80 |Ds | 5 veetas pe. 
52 | Mio, Heterostegina Mio, Olig Ss 24 15 | Ds 27 Bscae od 913756 
53 | Mio, Frio Mio. Olig Ss 20 29 | Ds 16 | Dibol (Jackson) | 7,681 
54 | Frio ote ‘ Ss Por 33 | Ds 17 | Frio 7,4716 
55 | Pli, Mio, Frio ic SH,S | Por 40 | Ds 9 | Vicksburg 7,675 
56 SH 30 F 3y| Frio 6,012 
57 | Fleming Mio SH 10 
58] Frio Olig SH 16 : ; 
59 ene Frio ome SH Por 20 | Ds 13 | Oligocene 7,495 
‘ap rock, er, Cav 
60 ec {ire SH { Sev 33 |Ds | 61 | Vicksburg 7,375 
io, Frio, < * 
61 Hoterosteging Mio, Olig SH Por 82 |D 15 | Whitsett 7,355 
62 | Cockfield (Petine) Eoo Ss Por 19 | DF 22 pon City 7,569 
63 | Cockfield (Pettus) Eoc Ss Por 7) LD 4,503 
64 | Cockfield (Pettus) Koc SH Por 9 |A Oeetneld 3,651 
65 | Hockleyensis Eoc SH Por 17) 1D 2 | Yegua 4,596 
66 Cockfild (Pettus) Koc Ss Por 15 | DF 11 | Yegua 4,660 
67 | Cockfield (Pettus Foc SH Por 13 | DF 5 | Mt. Selman 6,062 
68 | Pettus, Hockleyensis Koc SH Por 10 | DF 18 | Mt. Selman 6,062 
69 | Cockfield abe Eoo Ss Por 15 | DF 15 | Yegua 3,678 
70 | Cockfield (Pettus Eoc Ss Por 16 | DF 11 | Yegua 4,776 
71 | Cockfield (Pettus) Koc Ss Por NF 7 | Yegua 4,458 
72 | Coekfield (Pettus) Koc SH Por 15 | DF 7 | Yegua 4,250 
73 | Cockfield (Pettus) Koc SH Por SUD 11 | Yegua 3,600 
74 | Cockfield Pe Eoe Ss Por y | NF 2 | Cook Mt. 4,256 
75 | Cockfield (Pettus Eoc Ss Por 5y | NF 5 | Upper Yegua 4,308 
7614 cnn? as Mio, Oli Ss P 10° | pe | 49 | Fri 7,060 
Mid-Olig, Frio » Ug ‘or 18 io y 
771} MeLOne Olig 8s Por 10 |D |  27y| Frio 7211 
78 Pe ‘ (i ry Por 10 |D 4 | U. Saline Bayou | 4,574 
atahoula4, io, 
79] { pana Mie oo «(Se [Bor «=| «28 |D | 22 | Cook Mt. 6,789 
coal (eee q 24 |D 35 | Vicksburg 7,957 
81|Mio | Mio SH Por 23 
82 apacepe Olig, Ss Por 26 
atahoula4, io, 204 
3 |{ far {oie S | Por | {3} [Ar | 9 | Vicksburg 7,023 
6 In salt. 
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Area Proved, Acres Total Oil Production, Bbl. 
Field, County 

§ ge9\/ Oil 5 Gas | Total | To Bnd of | During 1935 | During 1936 
E ge 3 

a Ho =] 

© ao |). | 

A Ets = 

ia < ro) 

84 Thompsons, Fi OVE BON pets eielaicies 6 | [8,185] 700 0 3,885) 21,725,965 | 4,094,375 8,522,892 
85 | Amriola,, Hardin. i.0ccasseccecss 5 100 0 0 100 1,464,413 410,000 390,981 
86 | Buckeye, Matagorda............ 5 50 0 0 50 594,746 71,787 71,111 
87 | Conroe, Montgomery............ 5 | 19,000 0 0 19,000 71,857,367 | 15,575,606 | 14,905,462 
88 Keeran, Victoria. . Ae neni baile o 200 0 0 200 465,207 108,890 112,486 
89 | O’Conner, Victoria and Refugio| 5 200 0} 200+ 400 340,880 112,846 93,201 
90 | Pledger, Brazoria............... 5 20 0} 1,100 1,120 17,068 62 

91 | Garwood, Colorado............. 4 10 0 0 10 2,024 | (Prod. depleted 1933) 

OO Greta Refugio... occ cisess vie sje vie 4 5,414 0} 1,050 6,464 15,220,564 | 4,708,780 5,381,404 
93 | Livingston, Polk sich ‘ote cis ietStais 4 0} 1,698 0 1,698 3,287,564 1,037,388 1,107,898 
94 | Premont, Jim Wells............ 4 0} 200 0 200 8,603 3,963 800 
95) "Tomball, Harris... ccte+ ose ese 4 7,350 0} 1,200 8,550 5,759,335 1,910,336 2,626,409 
96 | Ace, Polk Bec farsi fools sles seesies 3 0 90 0 90 63,155 16,135 34,370 
97 | Angelita, San Patricio........... 3 40 0 0 40 30,586 7,718 86y 
98 | Brookshire, Waller.............. 3 50 0 0 50 13,498 8,002 2,856 

99 | Cleveland, Liberty.............. 3 400 0 0 400 717,499 242,803 303,356 
100 | Coletto Creek, Victoria.......... 3 0} 350) 350 700 489,807 203,519 269,336 
101 | Dickinson, Galveston............ 3 0} 4,300 0 4,300 1,243,986 289,912 947,171 
102 | Eureka, Harris. Urieeeieneeeesesios 3 0 50 0 50 11,311 4,451 5,500 
103 | Hastings, Brazoria.............. 3 2,800 0 0 2,800 3,053,745 623,815 2,429,930 
104 | Kittrell, Houston............... 3 150 0 0 150 771,347 382,001 354,019 
105 | Louise, Wharton...........+++5- 3 1,570 0 0 1,570 1,132,417 412,733 531,836 
106 | McNeil, Live Oak............... 3 100 0 0 100 157,402 99,993 43,920 
107 | Old Ocean, Brazoria............ 3 100 0 0 100 280,710 103,370 159,772 
108 | Port Lavaca, Calhoun........... 3 200 0 30 230 280,211 141,306 133,875 
109 | Samfordyce, Hidalgo............ 3 1,200 0 0 1,200 3,179,080 1,237,494 1,775,792 
110 | Sinton, San Patricio............ 3 225) 100 0 825 Hy ,734 11,507 
111 | Splendora, Montgomery........-. 3 0} 100 0 100 996 320 aes 

: 0 

112 | Tomoconnor, Refugio........... 3 4,400 0 0 4,400 1,993,691 522,212 1,432,159 
113 | Vanderbilt, Jackson............- 3 20 0 50 70 114,829 22,694 26,809 
114] Van Vleck, Matagorda.......... 3 500 0 0 500 423,698 28,533 382,812 
115 | Anahuac, Chambers............. 2 5,650 0 0 5,650 2,965,319 362,039 2,603,280 
116 | Baldwin, Nueces...............- 2 270 0 0 270 311,528 77,119 234,409 
117 | Dinero, Live Oak..............- 2 0) 50 20 70 49,162 28,376 20,786 
118 | Driscoll, Clara, Nueces.......... 2 500 0 0 500 89,151 4,829 84,322 
119 | Edinburg, Hidalgo.............. 2 0; 100 0 100 500 500y Oy 
120 | Fort Merrill, Live Oak..........- 2 50 0 0 50 25,128 10,031 15,097 
121 | Hardin-Kenefick, Liberty........ 2 100 0 0 100 190,103 55,325 134,778 
122 | Hords Creek, Goliad............ 2 100 0 50 150 20,931 4,165 16,766 
123 | Mauritz, Jackson............ mae 50 50 0 100 62,437 14,045-" 48,392 
124 Mercedes, Hidalgo...........+ ; ale 50 0 0 50 76,897 34,182 42,715 
125 | Pickett Ridge, Wharton...... Rael 320 0} 1,000 1,320 724,890 49,056 675,834 
126 | Placedo, Victoria.............+- 2 3,400 0 50 3,450 1,498,175 151,175 1,347,000 
127 | Plymouth, San Patricio......... 2 1,970 0 0 1,970 4,088,243 658,761 3,429,482 
128 Saxet Heights, Nueces.........-+ 2 1/500 0 0 1,500 2,233,293 9,335 2,223,958 
129 | South Houston, Harris 2 500 0 0 500 1,307,265 80,415 1,226,850 
130 | Taft, San Patricio........ acl 2 350 0 0 350 71,243 2,000y 369,243 
131 | Turtle Bay, Chambers........--- 2 200 0 0 200 157,851 2,858 154,993 
132 | Alta Mesa, Brooks.........+++++ 1 125 0 50 175 6,115 6,115 
133 | Alta Verde, Brooks..........+++ 1 40 0 0 40 y y 
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TaBLE 1.—(Continued) 


Line Number 


Total Oil 
Production, 
Bbl. 


Daily Aver- 
age during 
Noy. 1936 


34,203 


297 
245 
0 


12,746 
2,913 
0 


7,204 
147 


10,466 
8,495 
4,102 


1,929 
636 


82 


To End 
of 1936 


59,923y 


Total Gas Production, 
Millions Cu. Ft. 


Number of Oil and/or Gas Wells 


Maxi- 
Dur- : mum 
ing During Daily 
1935 | 1936 during 
1936 
x | 10,934y 
y | 2,853y 
1,280 3.5 
1,080 3 


yee 
= 


a 
ane or 


104 


During 1936 


At End of 1936 


=m im ig 
pe lS |6 Io 
3 3 BE | wo word, | bo 
BVILSaQ 1.8 28 RI 
2 S 3 cS) S 
a 3 Be | sy |SClS> 
8 8s ge | Se 38 
oO | <= |ae* iar ese 
5 y y | 204 
2 0 0 13 
0 0 0 2 
44 ly 6y | 936 3 
2 0 0 4 1 
0 1 0 4 8 
0 0 0 10 
9 0 y | 205 14 
18 4y 0 88 1 
1 y 1 1 3 
72 0 1 248 54 
1 1 0 2 
0 0 1 1 
0 0 0 1 
6 1 6 7 1 
vi 4 y 20 4 
45 0 5 53 6 
1 0 0 1 1 
77 0 0 122 1 
1 0 1 13 
17 1 3 34 
0 y 4y 5 
1 0 0 3 
0 0 0 10 3 
58y y y| 171 y| 9 
Oy y 2y 4 
0 0 1 
57 0 0 85 
0 0 0 1 
15 0 0 19 
109 0 1 143 
2 0 0 8 1 
0 0 1 2 il 
6 0 0 7 
Oy 0 i 
0 0 0 2 
0 0 0 1 
2 0 ly 2 1 
0 0 0 1 
1 0 0 4 
31 0 1 33 1 
83 0 ly 95 8 
70 0 1 113 
201 0 0 205 
65 0 0 73 1 
31 0 0 32 
6 0 0 7 
2 0 Qy 2 
Sy} Oy | Sy Oy 
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TasBLeE 1.—(Continued) 


Depth . A 
| il Production Methods Pressure, Lb. Character of Oil, A Character of Gas, 
Average + aracter of Ou, Approx, 
. at End of 1936 Sq. In.¢ : Approx. Average 
ce Font per Sq. Average during 1936 dieing 1936 
: Gravity 
Number of Wells Average at End of APL at 60° F. 
To Top Gal 
Pe of Pro- ° Initial Dae Gasoline 
ductive 2 per 
= | Zone Be Cu, Ft. | per M. 
| na 20 ao 1935 1936 | | S| yo|.-8 Cu. Ft. 
San q A= | & ~ ee g 5 22 5d 
2 sp | ef ae Eas 4 | 8) 38 |a°ls 
£ 2 | Bla) 2 pes He | 28 [e5| 8 
ead & | & |o|=)5 S|Sl\e< e414 
g4| 5,100 | 187 | 17 2,430 | 2,345 | 2,340 25 0.20) A 
85| 2,990 12 440 400 42 127 | 34 |0.13| A 
86] 7,831 2 1,045 38 10.07; A 
s7| 5,000 | 904 | 20 | 12 e275, €2,083 | 2,076 38 10.05) M| 1,132 | 1.00 
88] 5,850| 3 | 1 {Pie 43 28 | 37 A 
go} 3,075 | 1 3 3655 110 50 35 |0.16)A | 1,000 | 1.00 
90| 6,650 2,450 | 2,450 | 2,450 55.8| y |M 
ae 1,225 44 | 2|M 
92 {ian 190 15 | 1,350 900 875 139 |23 | 24 |0.20| A 
93| 4,241 | 73 Be ie 7 700 40.7|0.05| M 
94 3,248 1 22.8) y |A 
95 { Pane 237 1 €2,490 | 2,050 y/45.4|37.5| 41 |0.04|M 0.80 
96| 4,855 | 2 1,400 50.7\40.4 48 | y|M 
97| 5370| 1 1,140 33.7/0.13| A 
98| 21955] 1 100 24 | ylA 
99| 5,700| 7 1,350 | 1,000] 1,000 45 |38 | 40 | y|A 
100 19 1 500y 32.5120 | 25 | y/A 
101 100 53 1,2505 | 1,2505 54 (35 | 37.5/0.07/M 
102| 7,662} 1 2,950 | 2,850 | 2,810 54.6) y |M 
103| 5,600 | 122 2175 | 2175 | 2,175 [32 |30 | 31 | y|M 
104 1.975 | 1 |-12 360 200 24 |0.19] A 
Wea ci | ale’, 2 730 | 660 | 481 |42.1|20.2) 26.3] y | A 
6,457 
106 5 1,150 | 1,400 44.3] y | Ay 
107| 38,632] 3 1,650 67y | y |M 
108 8 2 500 | 1,200 350 |61 |41.| 43 | »|M| 1,000 
109| 2,770 | 166 5 1,000 900 21.5] y ly 
110| 5,520] 2 2 2,200 49 136.5) 47 | y |A 
111| 5,835 2,000 65 | y|M 
112| 5,850 | 85 1,040 | 1,000 880 36 10.02) A | 1,000 | 1.00 
113| 5,562} 1 500 32 10.13] A 
114| 7,020] 19 1,700 56 140 | 48 | y |M 
115| 7,000 | 143 ©3,260 | 3,260 | €3,190 |35.1/34.7] 34.910.00] M 
116 8 225 225 25.8} y|M 
117| 5,200] 1 1 1,600 | 1,350 44.2) y|A 
118| 3,807] 7 750 750 23.8) y |M 
119| 6,685 
120| 4,637 | 1 1 1,100 | 1,100 46 | y | Ay 
121| 7,665 | 1 900 900 36.3) y | Ay 
122 2 1,550 | 1,500 47.6) y | Ay 
123| 5,634] 1 900 900 650 30.7|0.10) A 
124| - 4 2,500 | 2,500 56.9] y |y 
125] 4,690 | 30 3 900 900 25.2| y|A 
’ i - 825 825 22.8) 4 | 4 
- ey ae 700 2300 2,000 30 : 
2,200 200 | § 2, 
127 113 1100 | 11/100 1 7'000 31 | ¥|A 0.50 
128 193 12 Le ee ee 23.3) y|M 
3,875 1, ' { ‘ 
129 | {875 | 60 | 13 {1/600 {B00 | {1600 [32 [18 | 25 | #4 
130| 3,950 | 32 600 600 22.4) yy 
131| 6,600} 7 2,400 | 2,400 2,400 32.6|30.6| 32 | y |M 
4 
132 ae 2 7” { 500 |25.2|24.8/ 25 |0.00| P 
133| 916 | 100 Oy 26.2| y |P 
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TaBLE 1.—(Continued) 


: Deepest Zone Tested 
Producing Rock to End of 1936 
es 
Es 
3 mig Depth 
ee Name Ages oe DAS Name of Hole, 
- i) 8.8 AR BES Ft. 
} ~ o “Ses 
5 = | B | a2| 2 less 
a S “a Ae S Zo 
2 a | & | sh] & Bee 
Re 5 Fn |e ee Ot al eee 
84 | Mid-Olig, Frio Olig Ss 25 84 |D 28 | Vicksburg 8,339 
85 | Mio, Frio Mio, Olig Ss Por 50+] Ds 10 | Yegua 6,743 
86 Frio | ot Olig SH Por 60 |D 4y| Frio 9,457 
. Cockfield, 14 i 
87 Vines Eoc Ss 272 { 56 D 48 | L. Saline Bayou| 8,011 
88 | Frio Olig 8 15 10 | MF 6 | Vicksburg 7,715 
89 | Mio, Catahoula Mio, Olig SH Por 20 | DF 12 | Oligocene 5,748 
90 | Frio Olig 8 Por 100 |D 6 | Frio 8,115 
91 hae, “ ae s Por 12 |.D 10 | Cook Mt. 6,766 
atahoula, io, 20 204 ‘ 
92 maya Frio { oie Ss iz {t A 14y] Frio ae 
93 | Cockfield Eoc SH 252 10 | DF 32 | Yegua 5,596 
94 | Olig Olig 8 Por 10 |D 5y| McElroy 7,135 
95 | Cockfield, Yegua Eoc Ss 252 9 | DF 29 | Yegua 7,438 
96 | Cockfield Eoc Ss 252 9 | NF 11 | Yegua 5,533 
97 | Frio Olig Ss Por 14 | Nf Frio : 7,131 
98 | Frio Olig Ss Por 16 |D 10y| Hockleyensis 7,215 
99 | Cockfield, Yegua Eoc Ss 15 8 | MF 6 | Cook Mt. 8,734 
100 | Catahoula, Frio Mio, Olig Ss Por 10 | MF 16 | Frio 5,368 
101 | Frio Olig 8s Por 12 | DF 10 | Frio 9,360 
102 | Frio x Olig SH Por 21 |D 3 | Frio 8,070 
103 | Frio ; Olig Ss Por 60 |D 3 | Vicksburg 8,792 
104 | Carrizo, Wilcox Eoc Ss Por 17 | Ds 15 | Wilcox 5,501 
105 Hs 3 ‘ Olig Ss Por 29 |D 8 | Vicksburg 8,271 
106 {Ge Eoe s Por 10 |D 4y| Cook Mt. 6,210 
107| Frio Olig ) Por 22 |D 6 | Frio 9,963 
108 | Marginulina Olig s Por 15 | DF 11 | Frio 6,780 
109 | Frio Olig s Por 20 |A 30y| Vicksburg 5,395 
110 | Frio Olig Ss Por 10 |D 2y| Frio 7,245 
111 | Cockfield Eoc Ss Por 5 |D 9 | Cockfield 6,452 
112 | Frio Olig Ss Por 45 | Af Oy] Frio 8,174 
lis tric was of Olig SH Por 8 | DF 5 | Frio 7,042 
114 | Marginulina, Frio Olig SH Por 21 |D 2 | Frio 8,708 
115 | Frio Olig Ss Por 60 | Df 11 | Frio 8,749 
116 | Mio Mio 8 Por 12 | AF 6y| Frio 6,610 
117 | Yegua Koo § Por Ty |D 4 | Cook Mt. 5,913 
118 | Catahoula Mio 8 Por 10 | DF 2y| Frio 6,136 
119 | Frio Olig SH Por 20y | D Frio 7,508 
120 | Yegua Eoc 8 Por 5 |D 0 | Crockett 5,425 
121 | Yegua Eoe s Por 20 |D 3 | Yegua 8,110 
122 | Yegua Koo SH Por 10 | MF 7 | Cook Mt 6,004 
123 | Frio Olig 8 Por 146 |D 5 | Vicksburg 7,408 
124] Frio Olig SH Por 10 |D 3 | Frio 8,044 
125 rg boro Olig 8 Por 16 {A 7 | Vicksburg 6,546 
126 { cise Olig SH | Por 12 | Af 7y| Frio 6,468 
127 | Frio Olig Ss Por 20 | MC 13 | Frio 7,035 
128 Henares ee 8 Por 102 | A 5y| Frio 7,020 
129 [Pn {ot Ss [Por | {29 |Ds | 11 | Hockleyensis | 6,050 
130 | Heterostegina lig 8s, SH | Por 20 |D 2 | Frio 6,352 
131 | Marginulina Olig Ss Por 10 |D 2 | Frio 8,025 
132 | Mio Mio Ss Por 20 |D 10 | Vicksburg 8,022 
133 | Mio Mio s Por 10 | Ds 10 | Yegua 5,096 
’ 
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8698 ft. into the Vicksburg and then was plugged back to 6257 ft., where 
it made gas. 

Heyser.—Humble Oil & Refining Company’s Welder No. 2 was the 
discovery well of this field. It was brought in May 15 for 126 bbl., 
800 lb. on the casing and 90 lb. on the tubing. The completion depth 
was 5475 ft. after being plugged back from 6050 feet. 

Chambers County.—The Anahuac field was extended by Humble Oil 
& Refining Co. when the company drilled Boyt No. 1 in sec. 44, H.T. & C. 
survey. A potential test on Aug. 9 showed 706 bbl. on a 14-in. choke 
with 1050 lb. on the tubing. 

Cotton Lake.—The presence of the Cotton Lake field was indicated 
by the Gem Oil and Salt Dome Companys’ Lawrence No. 2, after being 
plugged back to 6661 ft. from a total depth of 7303 ft. The well made 
salt water and a small amount of oil and was abandoned. Glenn McCar- 
thy’s Kilgore No. 1, the first consistent producer, came in Aug. 9 for 
207 bbl. on a 1¢-in. choke. 

Seabreeze.—Sun Oil Company’s Acom No. 1, in this area, came in as 
a gas well making a small amount of distillate at a~plug-back depth of 
8190 ft. from a total depth of 8335 feet. 


TaBLe 1.—(Continued) 


Area Proved, Acres Total Oil Production, Bbl. 
Field, County 
H To End of . . 
8 gs Oil és Gas Total 1936 During 1935 | During 1936 
aS @ 
g gc 5 
a bo Z 
g ia : 
a < 5 
134 Amelia, DERENSON sctrie Mbats wei cine © 1 2,000 0 0 2,000 204,195 204,195 
135 | Aransas, Aransas and San Patricio| 1 250 0 0 250 36,688 36,688 
136 | Bentonville, Jim Wells.......... 1 0} 120 0 120 113,223 113,223 
137 Clinton). Harris. 2.060.020 +28 1 0; 20 0 20 2,996 2,996 
138 | Cotton Lake, Chambers.......... ab 200 0 0 200 43,029 43,029 
139 | Fairbanks (Satsuma), Harris.....| 1 80 0 0 80 28,259 28,259 
140 | Five Corners, Wharton.......... 1 100 0} 600 700 1,746 1,746 
141 | Flour Bluff, Nueces...........-. 1 2,500 0 0 2,500 94,357 94,357 
142 | Greens Lake, Galveston.......... 1 100 0 0 100 19,332 19,332 
143 | Hawkinsville, Matagorda........ a 50 0 0 50 3,345 3,345 
144 | Heyser, Calhoun...........-..-- 1 3,100 0 my Std 138,992 138,992 
145 | Hitchcock, Galveston............ 1 0 0 
146 |.La Sal Viejo, Willacy........... 1 40 0 0 40 13,345 |. 13,345 
147 | Lockridge, Brazoria............. 1 700 0 0 700 4,310 4,310 
148 | Magnet, Wharton..............- 1 0| 40 0 40 2,510 2,510 
149 | Nome, Jefferson..........---.+- il 500) 500 0 1,000 $4,534 54,654. 
150 | Seabreeze, Chambers..........-- il 20 0 0 863 863 
151 | Segno (Wing), Polk............. 1 40 0 0 40 2,140 2,140 
52) Silsbee, HOTdit..<..scsccccen ee =| 200 0 0 200 6,880 6,880 
153 | South Bay City, Matagorda...... 1 100 0 0 100 38,201 38,201 
154 | Sullivan, Nuweces........... ate: 40 0 0 40 6,002 6,002 
155 | Weser, Goliad..... 1 50 0 0 50 1,166 1,166 
156 | Withers, Wharton 1 700 0 0 700 229,992 229,992 
TG tal Be Hacks: testa atnle 101,395] 9,603] 29,365 | 140,363} 1,096,174,921 69,597,811 | 91,224,844 
——_ eee —_e_ s— ort 


486 OIL AND GAS PRODUCTION ON THE TEXAS GULF COAST DURING 1936 


Galveston Cownty.—Coast Petroleum’s Maco Stewart No. 3 well in 
the W. R. Wilson survey marks an extension to Dickinson. The well 
came in producing a large amount of gas with some distillate. The Sun 
Oil Company’s Hughes No. 2 well was plugged back from 9636 to 3620 ft., 
where it made 432 bbl. of oil on a drill-stem test. This well is the dis- 
covery well of Green’s Lake. Shell Petroleum Company drilled the 
discovery well of the Hitchcock field and tested five different zones by 
perforating. This was the deepest well drilled on the Gulf Coast, a total 
depth of 10,460 ft. The well got out of control and blew wild at the 
rate of 25 million cubic feet of gas per day at a plug-back depth of 5147 ft. 
Later it sanded up and was plugged and abandoned in 1937. 

Goliad County Diamond Half’s Weldon Lackey No. 1 was completed 
Aug. 25, 1936, for 133 bbl. on a 14-in. choke, as a substantial extension 
of the North Pettus field. Weser field was discovered by Standard Oil 
Company of Texas in Landgrebe No. 1, which made 120 bbl. on a 4-in. 
choke. The well was completed on Oct. 3 after plugging back from 
5052 to 4912 feet. 

Silsbee.-—Brooks Fee No. 1, drilled by Houston Oil Co. and Republic 
Production Co., blew out at 6982 ft. in the Yegua. It made an estimated 


TaBLE 1.—(Continued) 


Total Oil F Depth, 
Bike vipat pee Sagi Number of Oil and/or Gas Wells Shika 
During 1936 At End of 1936 
Maxi- 
Daily Aver- Dur- : mum | Com- wo | Bottoms 
.. | age during To End ing During Daily pleted : Q | of Pro- 
& Nov. 1936 of 1936 1935 19386 during to End > 8 3 3 oO 3 ductive 
E 1936. | of 1936 3 3 5 S| ~» | ss] e0 3 Wells 
Z 2 | = | 83/3. (ses. & 
2 e | § | 82| Sz \Seleel 3 
4 io) — [B21 GO [eso] & 
134 937 17 17| 0 0 16 1| 17] 6,780 
135 284 6 6] 0 0 4 2 6,554 
136 640 13 9) 6,141 7 5| 12 {5370 
137 36 1 ‘tel ate 0 1 1| 8,101 
138 334 8 cal ee 0 6 1 7] 6310 
139 208 493 493 | 4 3 Seo 0 3 3] 6,835 
140 12 3 tae 0 3 3 | 5,550 
141 890 16 16] 0 0 16 16 | 6,690 
142 52 2 ml 0 1 1) 3/891 
143 18 1 Tel &0 0 1 1| 5,160 
144 1,109 150 150 | 2 1h es be Ol ee leas 1| 18 {pare 
145 3.5 1 1| 0 1 0 | 5,134 
146 99 44.5 44.5 a eal ae 0 1 1| 7647 
147 78 2 2) “onl to 2 2| 6.365 
148 80 1 Taleo 0 1 1| 5,562 
149 382 8 8| 0 0 7 1 8 | 6,058 
150 1 1 nO 0 1 1| 8,190 
151 0 1 i ea 0 1 1) 5,194 
152 0 2 Blo 0 2 2| 6,980 
153 101 1 t|\_ 0 0 1 1| 9,370 
154 108 1 1 80, 0 1 1| 5,780 
155 0 1 Ty 0 1 1| 4'812 
156 928 17 17| 0 0 16 1] 17] 5,560 
241,942 15,041 | 1,864 | 187 | 401 | 6,375 | 14 |338 |6,727] 
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350 bbl. of 42° gravity oil and 40,000,000 cu. ft. of gas per day before it 
was killed. Several producers have been completed without difficulty 
since the blowout. 

Harris County.—Upon penetrating one foot of sand at 8100 to 8101 fix 
Stanolind Oil and Gas Company’s Candelaria No. 1 at Clinton blew out 
through the drill stem on Nov. 5. The well was finally controlled and 
on a test showed 124 bbl. of 48° gravity oil with 10,000,000 cu. ft. of gas 
on two }4-in. chokes. The shut-in pressure was 4800 lb., the highest 
pressure ever recorded on the Gulf Coast. A joint operation by Amerada 
Petroleum Corporation and Stanolind Oil & Gas Co. resulted in the 
discovery of Fairbanks in Dopslauf No. 1, which was plugged back from 
7520 to 6823 ft. and made 106 bbl. on a 13¢4-in. choke. 

Jefferson.—The Amelia field was discovered by the Humble Oil & 
Refining Company’s Langham No. 1 in the C. Williams survey on Feb. 12. 
Originally drilled to 6903 ft. and plugged back to 6777 ft. A potential 
test showed 486 bbl. on a 14-in. choke. The field was later extended by 
Glenn McCarthy’s Longe No. 1. The two wells are separated by a fault. 
Several dry holes were drilled by various operators before Shell Petroleum 
Company’s Carpenter No. 1 found oil in the Nome field at 6058 ft. This 
well was drilled to 6888 ft. before plugging back to make a good well. 


TaBLE 1.—(Continued) 


jee Oil Production Methods peers Lb. ib ese ae Approx. puso Pcie 
aa Weat at End of 1936 per Sq. In. verage during during 1936 
Number of Wells Average at End of hens F 
we dop B.t.u. oe 
of Pro- 2 Initial per | Gaso fine 
3 ductive By, Cu. Ft. Ou Ft. 
ag ae ees ae Pic 1935 | 1936 | §| 8 |ye]-8 u. Ft. 
Zz # | 2/8/28 (35 B} | as |2o/, 
g 5 g a] 2 |38 g | 8 oe Se! 8 
3 Sete Oa a s|/S les Belg 
16 6755 6505 29.3) y|A 
135 gsae 4 2,200 1,975 |54 |40 | 44 | y |M 
7 2005 2008 38.9] » |M 
137 100 1 4,800 3,200 4g | y|M 
138| 6,302 | 6 5508 5505 9g | y lA 
139] 6,825] 3 2,400 2,400 [46 141 | 44.5) y |M 0.63 
140| 5,540 2,350 2,350 7 10.00) A 
141| 6,590 | 16 1,420 1,420 [45 /42 | 43.4| y |P 
142] 3,865 1 1,300 1,300 26.5) y |A 
143] 5,150 1 2008 30.4] y | Ay 
880 880 |33 |31.4) 32.3! y|M| 1,000 
las arity e 2,000 2,000 35.8] y |A 
146] 7.630; 1 2,056 885 |52.8/47.2) y |0.03/ A 
147; 6342 | 2 2,100y 2,050 |41 |29 | 33 | y/A 
148] 5551 - 1 y 25.4| a A 
149 6,005 ‘fd 2,640 2,640 28.6 
150| 8111] 1 3,300 3,300 50 | v ly 
151| 5,150] 1 7005 7005 40.4| y |M 
152| 6900] 2 5755 5755 40 | 44 | y|P 
153| 9361 | 1 8005 3005 37 | y |M 
154; | 1 y 25.6] y ly 
155| 4,802 | 1 750 750 46.5] y |y 
156| 5,545 | 16 800 775 26.1} y lA 
: 3,866 | 2,428 | 84 | 11 |G-1 
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Bentonville—On April 25, Texon Royalty Co. completed its Ralston 
No. linsec. 17, King Farm Lots, after plugging back to 5390 ft. from 6018. 

Matagorda.—Skelly Oil Company’s Cobb B-5, in the M. Cummins 
survey, which was drilled to 7503 ft., made 826 bbl. on a }4-in. choke and 
extended the Bay City field. Hawkinsville was discovered by the Sun 
Oil Co. when it plugged back its Craig No. 1 from 6326 ft. and made a 
100-bbl. well at 5160 feet. The South Bay City, or Hamman, field, the 
deepest of the new discoveries, was brought in by Hamman Exploration 
Company’s Cleveland No. 1 on March 1. Production was 155 bbl. on 
13¢4-in. choke, after plugging back from 9442 to 9370 feet. 

Nueces County.—Flour Bluff was discovered by Barnsdall Oil Com- 
pany’s Phillips No. 1 which was originally spudded in by Hulburt and 
Flour Bluff Oil Co. Total depth was 7504 ft. and the plug-back depth 
is 6657 feet. Hawn’s Shely No. 1 marked an extension to the Saxet 
Heights field when it came in making 240 bbl. on a 34¢-in. choke. Texon 
Royalty’s Austin No. 1, the discovery well of Sullivan, produced 48 bbl. 
on a 34¢-in. choke at 5779 ft. Total depth was 5836 feet. 

Segno (Wing).—Dorrance, Wing No. 1, at 5194 ft., is the discovery 
well in this field. Production is from the Cockfield. 


TaBLE 1.—(Continued) 


Deepest Zone Tested 


Producing Rock to End of 1936 
es 
za 
3 s Depth 
ce Name Agel Flea & > Name of Hole 
3 A 6.8 ~ sus Ft. 
g $s ee E less 
Z Fs 2 eB = zs 
AI 8 5 Sz - Ee 
4 mPa) a Z a Pee 
134] Frio Olig Ss Por 15 |D 7 | Vicksb 8,501 
135 | Marginolina, Olig Be  |Por | 16 |Ny| O|fio 7/501 
136 {Tre ae i Olig Ss Por 20 |MF| 5 | Frio 6,500 
137 | Cockfield_ Koo 8s,2 | Por z/D 0 8,101 
138 | Marginulina Olig Ss Por 8 | Df 3 ome 7,302 
139 | Cockfield Eo s Por 10 |D 2y| Yegua 7,520 
140 | Marginulina Olig Ss Por 8 |D 1 | Frio 6,511 
141 | Frio Olig 8s Por 100+ |} D 0 | Frio 7,502 
142|y Pli, Mio Ss Por 20 |D 5 | Frio 9,636 
143 oe ied Mio SH Por 10 |D 12 | Oligocene 6,326 
ie [no Olig Ss 25 25 | A 5 | Frio 6,506 
14 io Mio Ss Por 16 | Ds 1 | Fri 10,460 
146 | Frio Olig 8 Por 17 |Ds 0 | Frio "7,682 
147| Frio Olig Ss | 20 10 |AF | 8 | Vicksburg 8,343 
148 | Marginulina Olig Ss Por 10 |D 0 | Marginulina 5,562 
149 | Marginulina Olig SH Por 10 | Ds 3 | Vicksburg 8,928 
150 | Frio Olig Ss Por 25 | Ds 1 io 9,055 
151 | Cockfield Koo Ss Por 10+| N 0 | Cockfield 5,194 
152 | Cockfield Eoc 8 Por 15+] Ds 2 | Yegua 7,778 
a rio Olig § Por 10 1 | Frio 9,442 
155| Yegua Eoe SH Po 1 
156 | Marginulina Olig 8 Por 0 Do 1 te 7244 
6,111 
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Tomoconnor.—A major extension of this field is indicated by Josey 
and Bruton’s Lambert No. 1-A in the Swisher survey. A potential 
test showed 528 bbl. on a 14-in. choke. 

Placedo.—Placedo was extended to the southwest by Barnsdall Oil 
Company’s Falmont No. 1, which was completed at 4774 ft. after a plug- 
back job from 6319 feet. 

Wharton County.—The Texas Company’s Pierce Estates B-1 opened 
a new field at Five Corners. Later wells proved oil production in this 
area. Total depth 6511 ft., plug-back depth 5536 feet. The Magnet 
area was discovered by Texas Crusader and Cockburn’s Cockburn Fee 
No. 1, which produced 120 bbl. on an 1¢-in. choke. Pickett Ridge was 


TABLE 2.—Summary of Drilling Operations in Texas Gulf Coast 


Important Wildcats Drilled in 1936 


Total Deepest 
County Location Depth, | ,ourface Horizon 
Ft. Formation Tested 
Us! Aransas. oec, cee. Sur. J. Orick Cent. Blk. 41 & 42 7,501 | Alluvium Marginulina 
FANGS ene ee Ae S. May Sur. A-230 on E. Holzmark Tract 4,101 | Lissie Pettus 
1 SOO: eerie etn 8. May Sur. A-230 on R. Voss Tract 4,003 | Lissie Pettus 
4 | Brooks............ LaMestena Sur. on J. Garcia Tract 8,022 | Quaternary | Vicksburg 
WF (BROOKS! «52 5ecccce ce §. Alarcon Sur. Blk. 12 Sec. 312 925 | Quaternary | Cap rock (Mio 
6 |SBEAZOFIAS ccc0.000 sc A. Robinson Sur. on J. E. Fairfield Tract 8,698 | Beaumont | Vicksburg 
MR CALBOUN, ee wo sciets J. M. Rios Sur. on J. Welder Tract 6,050 | Beaumont | Frio 
8 | Chambers......... H. T. & C. Sur. Sec. 44 E. W. Boyt 7,129 | Beaumont | Marginulina 
9 | Chambers......... 8. Borrow Sur. A. B. Lawrence Tract 7,303 | Beaumont | Marginulina 
10 | Chambers......... J. Townsend Sur. J. Kilgore Farm 6,308 | Beaumont | Marginulina 
11 | Chambers......... H. T. & B. Sur. Sec. 103 Abst. 154 on H. O. Acom. 8,335 | Allavium Frio 
12 | Galveston......... W. K. Wilson Sur. on M. Stewart Tract 8,543 | Beaumont | Frio 
13 | Galveston......... W. C. M. Baker Sur. Sec. 26 on J. D. Hughes Tract 9,636 | Beaumont | Marginulina 
14 | Galveston......... J. Spilman Sur. on M. Stewart Tract 10,460 | Beaumont | Frio 
5 Goliad. «te cmecs J. Gomez Sur. on Weldon & Lackey 60 Ac. Tract 3,703 | Lissie Pettus 
16) Goliad, ..5 08500. .0 Thomas Hancock Sur. on W. H. Landgrebe Tract 5,052 | Lissie Yegua 
Piel ebardin:.j..,ajsie oe G. W. Brooks Sur. on G. W. Brooks Fee Tract 6,982 | Lissie Yegua 
NQGWArTIS 5.5.6.6, 0:2 516.5 Reels & Trobough Sur. on A. Candelari Tract 8,101 | Beaumont | Cockfield 
OT Harriss eee eee ce. W.C.R.R. Sur. Sec. 2 on L. Dopslauf Tract 7,520 | Lissie Cockfield 
20 | Jefferson.......... C. Williams Sur. 6,903 | Beaumont | Frio 
21 | Jefferson.......... H. Williams Sur. 6,105 | Beaumont | Frio 
22 | Jefferson.......... Pevito Sur. Sec. 34 6,888 | Beaumont | Marginulina 
23 | Jim Wells......... Section 17 King Farm Lots 6,018 | Lissie Frio 
24 | Matagorda M. Cummins Sur. F. C. Cobb “B”’ 7,503 | Beaumont | Frio 
25 | Matagorda........ T. W. Williams Sur. on J. H. Craig Est. Tract 6,326 eee Miocene 
26 E. Hall Sur. Abst. 45 on Cleveland 68 Ac. Tract 9,442 | Beaumont | Frio | 
27 Flour Bluff & Encinal Farm Tracts Lot 9 Sec. 48 7,504 | Beaumont | Marginulina 
28 Villareal Sur. Shely Farm 4,092 | Beaumont | Miocene 
29 A, Longario Sur. on Austin 526 Ac Tract. 5,836 | Beaumont | Frio 
30 I. G. & N. Sur. A-15 on Wings Est. Tract 5,194 _ . Cockfield 
agarto 
Sl} Refugio. ss... 5. J. Swisher Sur. Abst. 398 Sec. No. 7 5,903 | Beaumont | Frio 
32 | Victoria. . ...| 8. A. & M. G. R. R. A-306 Pickering & Roos Farm 6,319 | Lissie Frio 
33 | Wharton... .| A. H. Pierce Sur. A-642 Pierce ‘“B’’ Block 6,511 | Beaumont | Frio 
34 Smith & McKenzie Sur. Lot 8 Block 84 5,562 | Beaumont | Frio 
35 .| G. C. Gifford Sur. Sec. 4. A-660 on J. F. Kubela 4,839 | Beaumont | Frio 
36 .|L. & G. N. R. R. Sur. A-222 on A. Nilson Lease 4,713 | Beaumont | Frio 
SH .| J. Caldwell Sur, A-10 on Pierce ‘‘C” Block 7,244 | Beaumont | Frio 
Las Mestonas Sur. Share No. 64 7,662 | Alluvium Frio 
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extended by Texas Crusader’s Kubela No. 1. 


The Texas Company’s 


Pierce Estates C-1 was the discovery well of the Withers field. 
La Sal Viejo.—The well drilled by Shell Petroleum Co. on the Yturria 
Farm, Willacy County, was the discovery well for this field. Very few 


TABLE 2.—(Continued) 


—_ 
ro CONOMr OW | 


12 


Important Wildcats Drilled in 1936 


Initial Production 


per Day 
Drilled by 
. Gas 
Oil Was, 
f Millions 
U.S. Bbl. Cu. Ft. 
Buckingham 101 
Miller-Donzis 45 
Swiger-Devonian 96 
California 189 
Dick Young 90 
Gulf Gas 1 
Humble O & R Co. 126 
Humble O & R Co. 706 
Gem & Salt Dome 360 
McCarthy 207 
Sun 4 
Coast Pet. bbe w/ Distil- 
a 
Sun 432 (24 hr 
D.S.T.) 
Shell 12 2.5 
Diamond Half 133 
California 120 
Houston & Republic 350 40 
Stanolind 142 10 
Amerada & Stanolind 106 
Humble O & R Co. 486 
rag 288 
Shell 574 
Texon Royalty Co. 193 
Skelly 826 
Sun 100 
Hamman 155 
Barnsdall 600 
Hawn 240 
Texon Royalty 48 
Dorrance 258 
Josey & Bruton 528 
Barnsdall 356 
The Texas Co. Dry gas 234 
Cockburn and Texas 120 
Crusaders 

Texas Crusaders 36 
The Texas Co. 263 
The Texas Co. 391 
Shell 125 3 


Choke 
Fractions 
of an Inch 


Ys and Pi 


3€ top and bot- 
tom 


it 
Blowout before 


Pressure Lb. 
per Sq. 
Remarks 
Casing | Tubing 
2,500 2,200} Dise.1 Aransas. 
1,000 850| Dise. oie 
1,250 1,050| Disc. 
Disc. Alta “Mesa. 
Disc. Alta Verde. 
2,225 2,225] Dise. Lockridge. 
800 90| Dise. Heyser. 
1,050) Ext.2 Anahuac. 
550} Disc. Cotton Lake (Salt Water 
P. and A.). 
1,200 1,700} 1st Prod. at Cotton Lake. 
31 32| Disc. Seabreeze. 
1,750 2,750) Ext. Dickinson. 
250-350) Disc. Greens Lake. 
2,000 1,950} Dise. Hitchcock. 
520 250| Ext. N. Pettus. 
740 260) Disc. Weser. 
Disc. Silsbee. 
2,900] Disc. Clinton. 
2,460 2,375] Disc. Fairbanks. 
800 625| Dise. Amelia. 
2,400 2,175| Ext. Amelia (W. Beaumont). 
1,450 950| Disc. Nome. 
950 675] Disc. Bentonville. 
1,175 1,325] Ext. Bay City 
60-200) Disc. Hawkinsville. 
300 800} Dise. So. Bay City (Hamman). 
520 800) Disc. Flour Bluff 
1,500 675| Ext. Saxet Heights. 
1,700 1,575) Disc. Sullivan. 
900 700} Disc. Segno (Wing). 
525 875| Ext. Tomoconnor. 
520 250| Dise. Placedo. 
2,100 2,050} Dise. Five Corners. 
Disc. Magnet. 
1,900 1,200 Ext. Pickett Ridge. 
575| Ext. Pickett Ridge. 
1,470 1,700) Disc. Withers. 
2,300 2,125} Dise. La Sal Vieja. 


eee 


1 Discovery well of the field. 
2 Well is considered an extension of this field. 


In Proven Fields | Wildcats 
156 54 
1,611 132 
67 14 
380 394 
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wells have been drilled in this area and little information is available of 
this prospect. 
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Oil and Gas Development and Production in North Texas for 
the Year 1936 


By H. B. Fuqua* anp B. E. THompson* 
(New York Meeting, February, 1937) 


For a very brief description of the North Texas area and the general 
geological features with which it is associated, the reader is referred to 
the summary for 1935}. 

As in previous years, the authors have been unable to undertake the 
almost impossible task of isolating statistics for the hundreds of pro- 
ductive ‘‘spots’”’ which are included within the generally productive 
areas of the several counties. However, pools that appear to be definitely 
isolated—as, for example, the Foard County production and the new 
pool recently developed southeast of Gainesville in Cooke County—are 
covered separately. 

During the year 1936, both routine development in proven or semi- 
proven areas and exploratory drilling showed a decrease over the year 
1935, there having been a total of 1453 wells drilled in the district during 
1936, as compared to 1619 in 1935. It is also of interest to note that 
abandonments exceeded completions in 1936. 


DEVELOPMENTS DURING 1936 


While a number of local productive spots were found in Wilbarger, 
Archer and Wichita Counties, and numerous minor local extensions to 
older producing areas were developed in practically all the producing 
counties in the district, only two discoveries of sufficient importance to 
justify special mention were made. 

Anderson and Kerr No. 1 Bruhlmeyer, about two miles southeast of 
Gainesville in Cooke County, was completed in April, at a total depth 
of 2014 ft., for an initial production of 315 bbl. daily from a sand of 
Pennsylvanian (Canyon) age. Development has been rapid and the 
field is about drilled up. During November the 100 wells in the field 
averaged about 40 bbl daily. The structure appears to be a small fold 
associated with the northeast flank of the main uplift, which extends in 
a northwest-southeast. direction across Cooke and Montague Counties. 


Manuscript received at the office of the Institute Feb. 17, 1937. 
* Gulf Oil Corporation, Fort Worth, Texas. 
1H. B. Fuqua and B. E. Thompson: Oil and Gas Development in North Texas 
for the Year 1934. Trans. A.I.M.E. (1935) 114, 417. 
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Sand lenticularity undoubtedly plays an important part in the accumula- 
tion at this point. The average sand thickness is 15 feet. 

Sinclair-Prairie et al. No. 2 Holt, about three miles southeast of the 
nearest oil production in the Nocona pool of north Montague County, was 
completed in September for an initial production of about 90 bbl. in a 
Pennsylvanian sand from 1697 to 1731 ft. The well was located on 
surface structure, which was reported to have been checked by a seismo- 
graph survey. Whether or not this production will ultimately be joined 
with the Nocona field is a matter for debate; but it is undoubtedly asso- 
ciated with the same regional arch. 

Deep prospecting has been very limited in the district. The Sinclair- 
Prairie et al. No. 1 Holt, Montague County, which was directly responsi- 
ble for the later discovery of the Holt pool, was started as a deep test, but 
encountered arkosic material at 3480 ft. and granite at 3570 ft. It was 
abandoned at 3648 ft. The Sinclair-Prairie et al. No. 2 McCall, in 
extreme northern Cooke County, near Red River, was abandoned in 
December, after drilling to a depth of 8331 ft. It encountered pre- 
Pennsylvanian sediments, believed to be Simpson in age, from 8275 ft. 
to its total depth. 


GENERAL COMMENTS 


Acid treatment of wells, which played an important part in the devel- 
opment of the limestone areas of Archer and Wilbarger Counties during 


TABLE 1.—Oizl and Gas Production in N orth Texas in 1936 


Area Proved, Acres Total Oil Production, Bbl. 
Age, 
Years 
: to 
Field, County End 
3 of Oil i 
4 1936 Oil and | Gas | Total noe of Date 
g Gas@ 
EA 
3 
Patrolissst: (Clas) ars cists ope taroresaisyabe aleve (ois stale 34 800 | 1,000) 4,000} 5,800 6,505,305 185,881 
5 Moe Oe ee 13 100 Oh ie—0l- 100 206,000 | abandoned 
3 0 All fields; Wachitay. cs) tees 0s ale.sce.o0%ste > 25 40,560 0 0| 40,560 | 255,016,139 5,565,922 
Ao AL HOlAS: AV SE0GT GOl oss cls fatacert 2: 2'>\nehsye of iep aie’ 24 9,260 0 0} 9,260 | 59,026,264 2,977,317 
Be PALL fields: AT Cherie cite cies. dss suelo sisie'e.e = 24 22,000 0 0} 22,000 | 104,198,077 6,575,589 
6 | All fields, Montague.............. eer las 8 5,000 500 500} 6,000 | 24,182,480 2,027,893 
7 | Portwood, Baylor............ 12 600 0 0 600 2,926,329 606,261 
8 | Miscellaneous, Cooke ll 2,700 0 0} 2,700 | 10,283,699 762,069 
9 | Bruhlmeyer, Cooke. . 1 600 0 0 600 471,863 0 
10 | Thalia, Foard..... for bond O 0 100 0 100 249,856 23,301 
ffl) | SORNSOR; POONA. Ee vdeccrosts o-sl- Sats oes «ee 4 0 600} 400) 1,000 764,257 248,049 
12 ardema ited ee an i Se 
ii Gen oe Do RR 81,620 | 2,200] 4,900] 88,720 | 463,830,269 | 18,972,282 


tes to column heads and explanation of symbols are given on page 291. : 
Bor Potelia fold, total gas production was: 98,521,466 M. cu. ft. to end of 1936; 266,565 M. cu. ft. during 1935; 315,- 


0 M. cu. ft. during 1936. Gas-production data for other areas not available to authors. 
be 2 Taaludea a few t olated producers with ee ae production in other parts of county. 
0 


3 per of dry holes drilled in county as follows: 30 to end of 1936; none during 1936. 
‘ Pest of pa holes drilled in county as follows: 14 to end of 1936; none during 1936, 
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the past few years, has been greatly reduced during 1936. The only 
known area where it has been continued to any extent is in the Rock 
Crossing area of Wilbarger County. 

Since most of the wells in North Texas are submarginal, the effect 
of proration on daily production is negligible. 


OuTLooK FOR 1937 


In 1936, the production of the district increased about 300,000 bbl. 
over 1935, or by less than the 471,863 bbl. of new production developed 
in the Bruhlmeyer pool of Cooke County. The greatest loss, over a 


TABLE 1.—(Continued) 


; , Oil Production 
SF acta Number of Oil and/or Gas Wells Methods at End 
: 1 
Depth, us 
Average | a ee 
During 1936 At End of 1936 val To Number of Wells 
Daily | Com- of Pro- 
3 ’ Average} pleted ductive 
g During 1936 ey to End 3 rps Produce | Produ. 1 Lotad Zone 
ze Ov. | of 1936 ec ~ | ing Oil | ing Gas | Produc- Flowing | Pumping 
a 1936 pleted doned Only nly ing 
3 
1 184,370 483 625 16 51 425 45+ 470 an 0 425 
2 4 1 
3 5,759,230 15,777 | 11,059 190 416 6,553 = 6,553 1,500 10+ 6,543 
4 3,056,885 8,369 1,891 49 58 1,308 z 1,308 1,700 0 1,308 
5 5,336,080 13,923 6,408 221 366 3,966 0 3,966 1,300 40+- 3,926 
6 2,010,331 5,457 895 79 12 799 21 820 1,000 0 799 
if 1,174,569 2,132 183 25 0 164 0 164 1,400 0 164 
8 1,108,457 3,160 606 147 19 540 7 547 1,200 0 540 
9 471,863 3,938 103 103 0 103 0 103 2,000 0 103 
10 25,860 64 13 1 0 8 4 12 2,000 0 8 
ll 151,261 336 7 1 0 6 0 6 3,800 6 0 
12 
13 
14 19,278,906 21,794 832 922 13,872 77+ 13,949 56+ 13,816 


Character of Oil, Approx. . Deepest Zone Tested 
Average during 1936 Producing Rock to End of 1936 
Gravity 
A.P.I. at 60° F. 3 
“s we ge Depth 
ur, 
q g g eer Basee Name Ages B £8 % Name Bole, 
= 3 |3 & Cent S |B] 8 Ft. 

a; | ag & |a§ = 

g 3 ae 3 3% > 

a| 2 | 2 " Sea Toe 
Lohee. y 36.0 | 0.15 P| Numerous Per, Pen § 10+ A | Cam-Ord 4,289 
2 Worsham pay Pen LS | 40+ D_ | Pen (Bend) 5,127 
3 | 41.8 | 36.1 | 39.0 | 0.30 P| Numerous Per, Pen | SL | 20+ | AM | Pre-Cam 3,502 
4] 38.5 | 35.5 | 37.0 | 0.65 P| Numerous Per, Pen | SL | 20+ | AD | Pre-Cam 3,007 
5 | 40.2 | 36.8 | 38.5 | 0.38 P_ | Numerous Pen SL | 10+ | ML | Cam-Ord 5,750 
6 | 34.0 | 24.1 | 29.0 | 0.90 P| Numerous Pen SL | 20+ | AD | Pre-Cam 2,915 
7 | 37.0 | 37.0 | 37.0 | 0.38 P| Swastika sand Pen S 10+ | ML | Pen (Strawn) | 4,265 
8 | 41.0 | 23.5 | 35.0 | 0.65 P| Several Pen, Ord | SL | 10+ | AD | Pre-Cam 3,790 
9 | 42.0 | 39.0 | 41.0] a P| Bruhlmeyer sand Pen 8 15 NL | Pen 2,500 
10 y y 39.0 | 0.20 P| Thalia sand Pen SL | 22+ D_ | Pre-Cam 2,550 
11 | 45.0 | 40.8 | 43.0 | 0.30 P| Johnson lime Pen LS | 30+ | AF | Pre-Cam 5,003 
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million barrels, was suffered by Archer County. Routine development 
in all other areas either maintained or improved the rate of production. 
Such development may be expected to continue and, supplemented by 
production from lower horizons and by new discoveries from time to 


time, should maintain the level of production approximately at that of 
the past year. 


TABLE 2.—Summary of Drilling Operations in North Texas 


Important Wildcats Drilled in 1936 


Location 
Total 
County — romiee 
Fee Survey Abst. 7 

ATMS OOK Gorrie tit sis ys fo.syeibre Pislevecd anew nteacayerie See teceh Bruhlmeyer | H. Strong 930 2014 | Cretaceous 
i COOK CR perder cr Bets ches aJaciasyh Aieant asa. ts McCall W. H. White 1134 8331 | Cretaceous 
Some LOMA GUC ates occ cic <ieueir obs Se mare «new Cee Holt Kaufman Co. | Sch. Lds. | 3648 Permian 
Aas i Monbagtie nays, iisisrrels cis ciatsisid cielats slows Gt wie me ¥ie.0 Holt Kaufman Co. | Sch. Lds. | 1705 | Permian 


Important Wildcats Drilled in 1936 


Initial Produc- 
tion per Day 
Deepest Horizon Riles 
Tested Gag 
Millions 
Cu. Ft. 
1 | Pen (Canyon) Anderson and Kerr New pool (Bruhlmeyer). 
2 | Possible Simpson | Sinclair-Prairie et al. Dry hole. 
3 | Pre-Cambrian Sinclair-Prairie et al. Dry hole. 
4 | Pennsylvanian Sinclair-Prairie et al. New pool (Holt.). 
In Proven Fields 
a EE 
Number of wells drilling Dec. 31, 1936.......... 0.2.0. eee cee reece nee ee es A 66 
Number of oil wells completed during 1936...............++seeeereeeeeeeee 830 
Number of gas wells completed during 1936. .........-.-- 022 :seeeeeeee ees 2 
Number of dry holes completed during 1936..............00secseceeeereeee 621 


a ————————————————— 


Oil and Gas in North Central Texas in 1936 


By H. W. Imuouz* 
(New York Meeting, February, 1937) 


Tus report covers most of the counties in North Central Texas in 
which oil is being produced in commercial quantities. The exceptions 
are McCulloch and Runnels, which were omitted because the production 
is small and the detailed information necessary for a report is not available 
to the writer. 

Complete information was not available regarding the number of 
wells drilled in this district during the year. 

The writer wishes to thank Mr. T. F. Petty, of the Humble Oil and 
Refining Co., Wichita Falls, Texas, for information used in compiling 
Table 2. 


Manuscript received at the office of the Institute March 13, 1937. 
* Consulting Geologist, Abilene, Texas. 
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TaBLe 1.—Ouil and Gas Production in North Central Texas 
ond Sc I ie SR a 


Area 
Proved, Total Oil Production, Bbl. 
Acres 
Field 
To End of | Duri Dadadalbaleon, 
be ° : 0 End o urin, urin, ver 
4 =3| Oi 1936 1935 | 1936" | during: 
= a Dee. 1936 
Z > fo} 
© i) 
AI fo 
4 < 
Brown County 
1 DBE AN GORI ne ares crelc ceancte sesese cca eto es 9 100 117,397 6,271 4,159 12 
2 10 290 812,219 20,822 18,939 28 
3 16 250 387,208 4,191 7,141 10 
4 9 180 732,531 37,643 35,322 86 
5 9 460 744,077 16,282 13,027 31 
6 Cross-Cut. . ad a ee) 2,300 5,876,190} 131,504 124,684 363 
7 Eye as ee neta evatee Be view ca aces ss AO ~aUkE 940 7,517,929) 116,078 113,101 312 
8 Georg: @. Sealer epsdexsva\erera nate \e 35h tavate! x cans Ca IEUE se 9 200 705,555 22,697 25,168 82 
9 Smith: Ellis PR sese, afshate nielays cheetah ees 10 450 2,156,814 41,939 46,279 123 
10 ROI eSe ong oe Cee ne ee cen 2 ee 10 1,500 6,664,140) 195,654 179,448 507 
11 (GATS 0s OES en eee i Ne ee eee 5,595 2,325,890} 111,480 76,144 209 
12 otal: Brown County:.c.ciccesisticnistecasee 12,265 | 28,039,950) 688,279 648,412 1,763 
Callahan County 
13 Le Pinte Caco ene E co Gaon Rage a ate 11 500 828,212 28,790 19,095 55 
14 Hatehett Teese, ous) Oc0 sis cole. 0.5 ete me eles at 9 375 1,203,491 64,623 89,800 221 
15 Isenhour..... RO RIeEE oe coi hoe od ane 13 600 2,027,625 63,570 57,911 150 
16 DA OUT VE Pe sce) Sats, 50st sx ici Reta moO eee ata. « 10 400 2,226,750] 136,210 125,134 295 
17 OL RCEMICLU Bet mane nets vince chiles oemia os sie adenine 9,515 6,465,066) 267,905 294,563 773 
18 Total Callahan County.................- 11,390 12,751,144] 561,098 586,503 1,494 
Coleman County 
19 Burkett sOHallow: jive «.netce Meee telah ele « 12 850 2,104,529 97,185 87,863 231 
20 Burkett, Deepin. «ose eas esata eens >. 6 200 645,737 34,421 21,462 65 
21 Dahan ed, ee acai a wsarecers ci csecero ote Mee ee sis = 9 170 321,143 11,777 11,268 30 
22 Plastland teas wees especies so toe eee ee es os 8 270 1,899,834 56,444 62,184 163 
23 ONIN EY «ayo: mao-slo a0 clare: spe toeee MNES ole 9 135 440,147 13,960 6,762 28 
24 Overall ion, aos erin imcre, nome ee eistmet nies 10 200 1,145,959 60,765 59,967 166 
25 DIE PATSHIAY Ciestiyac vicioterecrees - oace, a etotos clas 14 150 401,307 12,202 10,348 38 
26 be MALGSOHes Nat sis scs c-carnce wc ics 6 200 367,517 34,388 26,417 69 
27 finer Helse Accs Rites anisie riz picetes noletcieinels 985 1,631,170} 142,965 120,891 267 
28 Total Coleman County........000-0+00+0% 3,160 8,957,343} 464,107 407,162 1,057 
Comanche County 
29 NPIS: OOMUBAS ary.ca ov 18 ys cere.a. sini =, cr Mo 17 800 1,373,576 25,923 21,452 59 
Eastland County 
30 ES HADEN er eters ceo Son aysid Go viors shoe on oa ees 17 400 1,085,970 7,066 5,322 20 
31 GUY atIT a.) Ae SEE MAGE Ue Slr o CO ACr ck oie 14 300 732,063 75,240 69,659 190 
32 IPIGR@E REE eosin aeinw winaa-e < Sinn'. otateee one 7. 1,400 5,265,847) 112,315 90,809 235 
33 RAIS OUI OE io 6 foo cei siclnis clvie's, Sea ee ee e605 11 250 1,394,176 28,518 29,378 73 
34 Oiherficlds stare eee seein Mee tees 27,660 | 62,566,846] 709,527 690,229 2,037 
35 Total Bastland County... <2... 0.080%... 30,010 | 71,281,428] 932,666 | 1,071,923 2,555 
Eastland, Erath and Comanche Counties ; 
36 Desdemona sacs -opacsadisoa steerer eae. 18 6,175 | 22,643,764] 226,622 186,526 552 
Fisher County 
37 Melo ward Seem tesate o-aiorrenls oe ores arian habits 2 40 84,052 10,755 73,297 174 
38 Stephens (Roynston)................05-- Selects) 2,880 7,712,238} 1,982,552 | 1,577,863 3,488 
39 Total Masher County nz. cce< cree ire ew se cscs 2,920 7,796,290} 1,993,307 | 1,651,160 3,662 
Jones Count 
40 Higgs (Sandy Ridge) seereae ttre etar..« 11 450 131,685 25,228 65,858 203 
41 Hawley: (King) Meee sno nee nes wenehGls tenes « 11 600 1,080,549 63,776 894,442 2,629 
42 Bieuders fete alee sie veve sie leo cyvn oat ate tial sia 2 160 212,189 15,658 196,531 417 
9 1,030 6,096,392] 347,891 256,736 623 
4 640 415,817} 192,988 171,302 400 
160 5,469 0 5,469 121 
60 72,274 39,519 6,405 19 
3,100 8,014,375] 685,060 | 1,596,743 4,412 
9 40 92,733 6,654 6,098 13 
MARNE ae Se IADR OA OR Gon Bee a OG CD COIs 4 350 313,120 25,825 30,701 102 
50 See et OH 8 ero EIN Ea Ses oi cgae 4 600 4,150,587} 258,558 808,904 3,736 
51 Bub lraan ete ae ia eiad clo amie en nie le eae ties 4 770 2,346,531] 200,588 57,075 159 
52 Motal ack Count verse eer eteleettetne 1,720 6,810,238) 484,971 896,680 3,997 
Palo Pinto Count 
53 Dalton.... “ be re Sau IN RT Tae SET Gol, S ane 15 160 346,685 0 12,233 y 
54 Lair emp taco ste eats sie lapetesatace areata ol 16 600 752,818 0 2,149 y 
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TaBLE 1.—(Continued) 


LSS 
Average Oil | Number of | Depth, | Character of Oil, 


Production Gs : i 
*! QOiland/or | Average in | Approx. Average Producing Rock 
cir Gas Wells Feet during 1936 
At End of Gravity 
1936 A.P.I. at 60° F. 
Bottoms of 
| To End of Productive Name Age! pi) 
3 1936 Wells 4 2 e 
g Producing Maxi- | Mini- s 
Z Oil Only mum | mum 8 
2 E 
3 5 
il 1,174 13 1,150 40 37 Fry sand Pen iS) ML, N 
2 2,801 28 1,300 40 38 Fry sand Pen S$ ML, N 
3 1,548 8 2,450 38 37 Bend Pen L A 
4 4,069 62 800 38 33 Childress sand Pen S) ML, N 
5 1,622 34 1,150 44 40 Fry Pen N) ML, N 
6 2,553 206 1,200 41 39 Cross Cut sand Pen N] ML, N 
7 8,001 117 1,300 44 40 Fry sand Pen iS) ML, N 
8 3,527 42 1,300 40 38 Fry sand Pen NS) ML, N 
9 4,802 51 1,300 42 40 Fry sand Pen NS) ML, N 
10 4,442 203 1,200 42 40 Blake sand Pen 8 ML, N 
ll 302 
12 1,064 
13 1,656 36 1,700 40 38 Cross Plains sand Pen Ss ML, N 
14 3,212 98 400 39 38 Moutray sand Pen Ss ML 
15 3,378 143 700 38 36 Isenhour sand Pen s ML 
16 5,568 114 750 39 36 Moutray sand Pen Ss ML 
17 678 960 
18 1,351 
19 2,476 180 400 35 34 Burkett sand Pen s ML 
20 3,229 34 1,550 43 40 Cross Cut sand Pen s ML, N 
21 1,889 11 1,900 44 40 Gwinnup sand Pen 8 ML, N 
22 7,036 31 2,000 43 41 Gwinnup sand Pen SS) ML, N 
23 3,268 25 1,150 40 38 Fry sand Pen NS) ML, N 
24 5,729 24 2,200 44 40 Canyon, Strawn Pen 8 A 
25 2,675 8 1,500 40 38 Fry sand Pen 8 ML, N 
26 1,838 25 1,450 40 38 Fry sand Pen 8 ML, N 
27 1,656 59 
28 397 
29 1,712 85 300 37 34 Strawn Pen 5 A 
30 2,708 2 3,100 39 35 Bend Pen L MN 
31 2,440 46 1,200 42 33 Strawn Pen 8 MN 
32 3,760 58 2,450 42 40 Caddo Pen L A,F 
33 5,579 9 3,600 40 38 Bond sand Pen 8 N 
34 2,262 393 
35 508 
36 3,667 96 2,750 44 34 Desdemona Pen 8 A 
37 2,101 3 3,670 37 35 7] Pen L A 
38 2,678 105 3,100 41 38 Saddle Creek Pen L A 
39 108 
40 292 17 1,900 38 37 Petroleum Producers sand Pen iS) N 
41 1,801 58 2,050 42 37 Petroleum Producers sand| Pen | §,L A 
and 2,200 and Hope sand 
42 1,326 13 2,040 40 37 King sand Pen 8 A 
43 5,920 91 2,500 39 38 Camp Colorado Pen L MC, N 
44 649 16 1,950 41 40 Cook sand Pen 5 A 
es 36 : 2,000 38 37 Cook sand horizon Pen L ML, N 
47 207 
48 2,318 6 1,800 37 36 Hope sand Pen NS] N 
49 895 99 600 36 34 Cisco Pen § N 
50 6,917 199 4,800 40 38 Strawn Pen 8 N 
51 3,047 26 4,800 40 38 Strawn Pen | S,L N 
52 324 
53 2,166 6 3,950 Bend Pen L 
54 1,255 3 3,200 Bend Pen L N 


J Footnotes to column heads and explanation of symbols are given on page 291. 
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Area 
Proved, Total Oil Production, Bbl. 
Acres 
Field 
To End of | Duri Duri feel 
foyray : oO End 0 uring uring verage 
et 1936 1935 1936 | during 
3 Dec. 1936 
tH ° 
Pat 
aA 
22 1,150 2,749,399 64,141 73,929 176 
550 633,616 79,224 41,749 
2,460 4,482,518] 143,365 130,060 y 
11 1,460 | 13,789,227) 891,325 948,377 2,438 
11 115 297,284 10,758 8,106 22 
13 220 1,142,622 75,519 60,124 153 
15 1,240 2,331,133 33,249 40,483 92 
6 940 1,478,189} 303,484 626,788 2,601 
11 640 601,580} 140,723 103,267 255 
Petroleum Prodicetae cnc La eee ree ih 100 119,623 12,269 12,100 35 
Hinamons-Harvey arise ses ses eases ve ere 11 160 253,156 53,484 42,331 153 
Tannehill-Matthews....00..00.00cee0cngsereee 9 300 1,975,979] 141,005 163,110 415 
Other fields4 Siewins sd eee eevee.) e., 7,705 9,083,934] 1,360,464 518,841 1,117 
Total Shackelford County................ 12,880 | 31,072,727) 3,022,279 | 2,523,527 7,281 
Stephens County 
MERU Ye tote cracks bas oo (8/60 505 a\cualay ence nets ete ee 16 2,580 9,224,145} 111,128 87,900 238 
Strawn......... 19 850 4,334,955 97,629 96,230 251 
Other fields 44,570 | 108,683,027] 1,612,192 | 1,461,634 276 
Total Stephens County.................. 48,000 | 122,242,127) 1,820,949 | 1,645,764 765 
Taylor County 
Nfiscellaneous! ©. .fiss ae ictacista ds aepeniwealemes Seek 170 217,044 35,013 28,446 71 
Throckmorton County 
Woodson (DCE) sac csasomsicinenccceee meee ee 12 260 1,694,713 86,294 64,770 170 
Woodson (Shallow). osacinr sccm eines see cree 11 120 664,341 45,508 39,973 106 
Opher fieldsiree. Sogn noe fe pie ete e srdicers 720 565,938 36,752 59,319 209 
Total S/2, Throckmorton County......... 1,100 2,924,992) 168,554 164,062 485 
Young County 
MUDD OT etre tcf wyave a's s) ane cwinia soars ote isle tateetaietare 15 1,040 3,660,595 80,746 66,072 188 
(Cia) 1 eset ae GEC eae cE meee > Una DOUcaLCOts 10 380 1,649,329 54,342 36,666 70 
Grahame Vigne sees occu o.cc cin so emia rae eens > 6 320 359,330 y 154,421 403 
HL CErOMICIUYs she's oreicciiowaue ene eines 15 500 1,553,299 16,946 13,716 41 
Kisinger..... if 410 2,278,654| - 281,539 156,915 220 
OUtHA OMT Satta ciacieascleeun peste eens 19 1,440 10,020,319} 159,178 142,011 405 
PROT KO er wiewttnytyeraiaveicelsclaliolecoloytusiers« acl y Y,,332,844 y 332,844 1,718 
Other HOLA: rats cxtrass ayerts stare acals Fiala: sie alsueensiae 2 13,349 | 33,459,902) 3,605,347 | y,619,708 y 
Total Young County..c. << ciedecs nesses oes 17,439 | 53,314,272) 4,198,098 | 1,522,353 4,045 


500 OIL AND GAS IN NORTH CENTRAL TEXAS IN 1936 


TaBLE 1.—(Continued) 


Average Oil | Number of | De i 
. pth, Character of Oil, : 
pies Oil and/or | Average in | Approx. Average Producing Rock 
ie seis Gas Wells Feet during 1936 
cre 
At End of Gravity 
1936 A.P.I. at 60° F. 
To End of Bottoms of Strace 
bs Dee Productive Name Agef i 
4 1936 Wells % =“ 
q Producing Maxi- | Mini- s 
z, Oil Only mum mum 3 
g Ss 
E é 
55 2,388 153 1,850 Strawn Pen s ML, N 
56 1,152 23 
57 185 
58 9,444 357 1,300 38 36 Cook sand Pen 8 ML, N 
59 2,582 56 450 36 34 Frye sand Pen N] ML, N 
60 5,193 . 65 1,500 38 36 Hope sand Pen 8 ML, N 
61 1,878 35 3,500 40 38 Caddo limestone Pen L N 
62 1,572 148 1,600 39 38 Petroleum Producers sand Pen N] ML, N 
63 939 103 1,100 38 36 Tannehill sand Pen 8 ML, N 
64 1,196 13 1,650 40 38 Petroleum Producers sand Pen s N 
65 1,582 14 1,700 40 38 Petroleum Producers sand Pen 8 N 
66 6,586 64 1,150 39 37 Tannehill sand Pen 8 ML, N 
67 1,177 875 
68 1,725 
69 3,575 51 3,100 39 38 Caddo lime Pen L A 
70 5,099 98 1,850 39 37 Strawn s ML, N 
71 2,438 582 
72 731 
73 1,276 ll 40 35 
74 6,269 10 3,900 39 37 Caddo lime A 
75 5,536 10 2,350 38 36 Canyon-Strawn ML 
76 132 
77 152 
78 3,519 44 Strawn sand Ny) A 
79 4,340 Bend-Strawn Pen | SL A 
80 1,122 Strawn sand Pen N) A 
81 3,146 Strawn sand Pen Ss ML, N 
82 5,557 Strawn sand Pen N] A 
Strawn-Bend Ss L,N 


TABLE 2.—Summary of Drilling Operations in North Central Texas 


Important Wildcats Drilled in 1936 


Initial Production 
per Day 


Deepest 
Depth, Surface Marion 


County Location 4 
ie Formation Tested 


Walnut | Ellenburger| Seaboard No. 


1 Dawson 
Paluxy Bend Sic No. 11,690,000 
Clear Fork| Cisco Farris & 108 
Roberts No. 
1 Guitar Tr. 
Est. 


Hamilton 


Oil and Gas Development in the Texas Panhandle for the 
Year 1936 


By T. C. Craiaq* 


Durine the year 1936, there were 654 oil wells drilled in the Texas 
Panhandle, with a total daily initial production of 256,049 bbl. Although 
74 more wells were drilled than in the previous year, the total initial 
production lacked 109,303 bbl. to equal that of 1935. The explanation is 
that during 1935 most of the drilling was in the granite-wash area, which 
is much more prolific than the dolomite, in which the major development 
was done during 1936. Twenty-one oil wells were drilled deeper, increas- 
ing their potential 3683 bbl. The total daily oil potential of the field 
Dec. 31, 1936, as determined by the Texas Railroad Commission, was 
834,888 bbl., with a daily allowable production of 71,335 bbl. No over- 
all field decline in production is recognized by the Texas Railroad Com- 
mission. A well is tested upon completion to determine its potential 
production. If the well is then shot with nitroglycerin or is treated with 


TABLE 1.—Oil and Gas Production tn the Texas Panhandle 


Area Proved, Acres Total Oil Production, Bbl. 
County 
Oil ; ; 
To End of | During During 
3 3 Poveda Ole sco 0 eal 1936 1935 1936 | seco 
E 3c BES 
Z an SO 4 
2 Pot a o0 
fa aa A ae 
ile|| OPYas fh ase 6 aepno Shomce aadeonored 15 | 15,000} 235,314) 250,314) 25,030,561) 1,774,395) 1,942,154] 5,584 
BA OREN anette BE Cor ap ocra OE aed 11 | 39,800) 209,957) 249,757) 123,849,700} 11,200,522) 10,902,391) 29,472 
MILLS HOY chive ots Ae eene esa aa oi 8 0 29,984 29,984 
Al ate hinsomgen..s:c0 sis/esteis ere o1etere vie 14 | 49,000} 192,495) 241,495] 113,846,030} 4,617,574) 5,488,049) 15,397 
DA WIMIGOLES LIRR eis «1a: els, efeve:e eters sears aretorele 10 2,100} 429,827] 431,927} 3,348,422 465,915 494,925) 1,231 
CURR OULEr ae Se eins og eipus alone 17 0} 143,194) 143,194 
AN OVV THGCLET:<\<1-,ccasstele re: sscvejsterte terete =< Teeiote's il 8,200] 149,615] 157,815} 10,388,591) 3,480,665) 3,644,008} 8,289 
8 Total e con oes. Ace Mone aap wats © 114,100} 1,390,386] 1,504,486} 276,463,304] 21,539,071| 22,471,527] 59,973 


@ Footnotes to column headings and explanation of symbols are given on page 291. 


Manuscript received at the office of the Institute April 28, 1937. 
* Phillips Petroleum Co., Amarillo, Texas. 
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acid, it is tested again within 40 to 60 days. Within a period of 70 to 
90 days, depending upon whether the well has been given one or two tests, 
another test must be made to determine the decline in potential or accept 
a cut in production ranging from 12.5 per cent on a well having initially 
tested 500 bbl. or less and graduated to 60 per cent on a well having 
initially tested 3000 bbl. or more. The potential thus established remains 


TaBLE 1.—(Continued) 


Number of Oil Depth, Oil Production 
Total Gas Production, Millions of Cu. Ft. and/or Gas Average Methods at a as Ber 
Wells in Feet End of 1936 ita 
During Number of Average at 
1936 Wells End of 
8 To a of WA eine o |ee g 
1936 1 8 |28 Hegel Wer 2 
F g SIBS/E/BES [ss | Y =| | July? | July? 
of HE? lec|a| g2.2 $5 o|.2|-2/2 |S] |-q| 1985 | 1936 
2 S85 (/85| 8 | 8 |Sesloee|s|8|3le\2|s 
a SAP ISFIS | = ae Sela ld | 4/5/48 
1 2| 3,150 | 3,050! y | y | y | y | y |4380/359.13/354-48 
2 16} 3,100| 3,000} y | y | y | y | y |430/307.01 
3 0} 3,200 | 2,900 430/415 .00 
4 114) 3,000 | 2,900} y | y | y | y | y |430/303.89/282.20 
5 1) 3,500 | 3,400) y | vy | y | y | y |4380/405.72/401.70 
6 0} 2,500 | 2,300 430/414, 11/411.75 
7 7| 2,550} 2,450) y | yl] yl} yu | y |480/374.53 
8 | 6,058,471.41 | 805,844.11] 622,407.81) 2,219.21 140 


1 Gas figures are composite for field. They are the best available but are subject to correction on account of estimates. 
2 Compilation made by engineers of Texas Railroad Commission. 


Character of Oil 
: ‘ Deepest Zone Tested 
se a Tae Gharacteriot Producing Rock to End of 1936 
Gas, Approx. 
Average 


Gravity A.P.I. during 1936 
at 60° F. 


2 
g q 8 z 2 % Porn 
oR 
a 4 & ae é ag 
g A lo & 2 o3 
ea a ae 
1] 45 | 32 Big Lime series (Wichita-Albany) | Per | D, Do} Af | Granite wash 
Pen (undifferentiated) Pen | GW (Penn) 
2} 45 | 81 | 39] 0.4 1,103 | 0.70 | Big Lime series (Wichita-Albany) | Per | D, Do| Af | Granite wash 
Pen (undifferentiated) Pen | GW enn) 
3 Big Lime series (Wichita-Albany) | Per D Af | Granite wash 
Penn 
4| 39 | 29 | 35 | 0.8] M| 1,106| 0.47 | Big Lime series (Wichita-Albany) | Per | D, Do| Af Ans 5,333 
Pen (undifferentiated) Pen | L, GW 
5 0.8) M} 1,056 | 0.30 | Big Lime series (Wichita-Albany) | Per | D_ | Af | Arbuckle 8,013 
Pen (undifferentiated) Pen | L, GW 
6 1,069 Big Lime series (Wichita-Albany) | Per D Af | Granite wash 
Pen (undifferentiated) Pen | GW (Penn) 
7 0.4) M| 1,070} 0.28 | Big Lime series (Wichita-Albany) | Per | D, Do| Af | Arbuckle 2,957 
: Pen (undifferentiated) Pen | GW 


3 Dry gas, 30 in. at 60° F. 


T. C. CRAIG 503 


in effect over the life of the well unless a test is requested by the operator 
or by the commission. 

Dry Gas.—During the year, 156 wells were drilled, with a combined 
open flow of 5,348,800,000 cu. ft. Twenty-eight depleted oil wells were 
converted into gas wells for a total open flow of 231,590,000 cu. ft. The 
total new gas developed during the year was 5,580,390,000 cu. ft. The 
pipe-line companies withdrew a total of 188,912,177,000 cu. ft. of gas 
from the reservoir, or a daily average of 516,156,221 cu. ft.—an increase of 
35,431,587,000 cu. ft. over that for the year 1935. 


TaBLE 2.—Summary of Drilling Operations in the Texas Panhandle 


Important Wildcats Drilled in 1936 


Location 
Total 
County Depth, 
Ft. 
Sec. | Block Survey 
MIM ORM Cressey tt cope reeds rks oe armcicccrere sree esis sie oi cre.s. obeyeleis watepetare ese 544 H W.& N. W. 3001 
2 | Collingsworth.. . ae 8 13 |H.&G.N. 2254 
3 | Cottle....... 546 H |W.&N. W. 6002 
AT IMGEAY Sas Aoste soc ecialen net 21 L. L. Erwin 2860 
Rim Cornea Vases cea ere pete sexs ove ie Veunrsntre lO TexCrone cxsce che lgcdls sierages coveratujeve.sloleronec ste 9 B-2 |H.& G.N. 3124 
MICHA ate i os BREN Cons in Se, iat aee esse Me sae tat Whe Rid Notidistin daria fiatperatsl slay 9 H A. Wallace 2995 
MET sulle steerer eset Art ret ake ah ane nies eso tithe sioeee cae Gisie 4 H J. H. Stephens 8017 
CWRU 0 8 At ee Mae Se Bo Oe as RA on a ei 20 Sub 22} Capitet Syn. 4600 
Gh | URIS gee. Sts AEC Sere ie ener ge Area Se tai ain Ae ae tae ieee 86 13 H. & G.N 4361 
Important Wildcats Drilled in 1936 
Initial Pressure, 
Production | Lb. per 
Per Day | Sq. In. 
Surface Deepest Formation 4 
Formation Tested Drilled by Remarks 
Gas, 

Millions Casing 

Cu. Ft. 
1} Blaine Panhandle Big lime Fain Drilling Co. et al. Dry and abandoned. 
2) Blaine Granite wash Tom Hunter et al. 2.08 350 
3| Blaine Cisco Alma Oil Co. Dry and abandoned. 
4| Tertiary Granite _ | Foster et al. Dry and abandoned. 
5| Quartermaster Granite J. R. Phillips Dry and abandoned. 
6| Quartermaster | Granite wash Warner Oil Co. Dry and abandoned. 
7| Blaine Arbuckle Phillips Pet., Co. Dry and abandoned. 
8| Tertiary Panhandle Big lime O. V. Beck Dry and abandoned. 
9| Quaternary Granite wash Rogers et al. Dry and abandoned. 


ve a le 
In Proven Fields Wildcats 


Number of wells drilling Dec. 31, 1936.........-.-. 1.22 seeeeeeeeees 163 6 
Number of oil wells completed during 1936................--+-...055 472 

Number of gas wells completed during 1936..............-..2+.00005 155: 1 
Number of dry holes completed during 1936...............+...+.+055 21 4 
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Natural Gasoline —Of the 41 natural gasoline extraction plants, 39 
operated throughout the year; the combined capacity being 2,079,500,- 
000 cu. ft. per day. The total amount of gas processed during the year 
was 389,016,500,000 cu. ft., or a decrease of 206,906,023,000 cu. ft. under 
that of the year 1935. 

Carbon Black.—There are 31 carbon-black plants in the Panhandle, 
two of which were shut down during the entire year. The 29 plants 
operating utilized 224,862,800,000 cu. ft. of gas, producing approximately 
10,472,992 lb. of carbon black. 

Refineries.—The total capacity of all refineries in the Panhandle is 
approximately 60,800 bbl. daily. The total runs to refineries for the year 
were 11,823,613 bbl., or a daily average of 32,305 barrels. 

Storage.—The total storage capacity decreased 417,000 bbl.—from 
21,612,500 to 21,195,500 bbl. The total oil in storage decreased 4,501,- 
727 bbl.—tfrom 12,511,389 to 8,009,662 barrels. 

New Development.—No discoveries were made during the year. 
This is the first time in the history of the field that nothing new has been 
found during an annual period. 

Wildcats.—Nine wildcat tests were drilled, all failures except the 
Hunter et al. well in Collingsworth County, Texas, which encountered a 
noncommercial amount of gas. Two important wildcats were drilling 
at the close of the year; the Phillips Petroleum Company’s No. 1 Porter, 
sec. 35, bl. A-8, H. & G. N. survey, Wheeler County, Texas, was drilling 
at 7113 ft. in granite wash, the objective being the Ordovician, and the 
L. 8. Hobbs No. 1 Pearson-Hitch, sec. 290, bl. 2, G. H. & H. survey, 
Hansford County, Texas, a Permian test, was drilling at 2435 feet. 


Oil and Gas Development in South Texas during 1936 
By Harry H. Nowran,* Memper A.I.M.E. 


A HEAvy development campaign progressed during the year 1936 in 
South Texas', following up important discoveries made in 1935. Oil and 
gas wells completed during the year were 1473 against 704 in 1935. The 
drilling program reached its peak of operations in June in consequence of 
offset requirements made necessary principally in Duval County in the 
Seven Sisters, Loma Novio, Lopez and Cole fields. There were six new 
fields discovered during 1936 as follows: Rhode in McMullen County; 
Peters, El Mesquite and North Kohler in Duval County; Wood in Starr 
County and Colorado in Jim Hogg County. No discovery of unusual 
consequence was made during the year. The pools mentioned above are 
simply in the primary stages of development. 

The most intensive exploratory work during the year was in Duval, 
Webb and Zapata Counties. Considerable activity also prevailed in 
Starr and Brooks Counties. Much significance is attached to the Cali- 
fornia Company’s discovery in the Alta Mesa field in Brooks County, 
which is considered to be a deep-seated salt dome. The Comitas field, 
in Zapata County, developed some surprisingly good production in a 
shallow sand at 900 ft. and is being followed by a heavy wildcat campaign 
throughout that area in search of like production. 

In Starr County an active wildcat campaign is in progress in a con- 
tinued effort to find new fields northwest of the Sam Fordyce field, in 
Hidalgo County. This play continues in a northerly direction through 
Starr and Jim Hogg Counties. 


New FIewtps 


Rhode.—The Rhode field, in southeastern McMullen County, was 
opened in May by the Magnolia Petroleum Co. with a gas well in the 
Whitsett (Upper Jackson) sand at a depth of 1810 to 1822 ft., this test 
is located in the southeast corner of sec. 86 on the Rhode ranch. Four 
gas wells have been completed, proving up a gas area of 1000 acres, more 
or less. ' Development will be slow because of lack of market for the gas. 


Published by permission of the Darby Petroleum Corporation. Manuscript 
received at the office of the Institute March 9, 1937. 
* Chief Geologist, Darby Petroleum Corporation, San Antonio, Texas. 
1 Formerly called Southwest Texas 
505 
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TasLE 1.—Oil and Gas Production in South Texas (Formerly Called 
Southwest Texas) 


Area Proved, Acres 


co 
ES 
3 
Field, County 3e 
i) 
Bs =| oi |s,| Gas | Total 
S 2 & 
| cs ie 
Zz qa 
2 g i 
3 < 6 
1| Reiser). Webb .cic circ ss mwme veins 28 0} 0} 1,280} 1,280 
2| Charco Redondo, Zapata....... 23| 336) 0 0} = =336 
3| Jennings, Zapaia.............. 22 0} 0} 320) 320 
4| Crowther, McMullen........... 17; 160) 0 160 
5) Calliham, McMullen........... 17; 300) y| 290} 590 
6| Mirando Valley, Zapata........ 15 115] y 120) £235 
Carolina-Texas: Webb 
7 1,200-ftusand=: ; os -eeiea: 15 Ol y 80 80 
8 2,000-ft. sand........--+- 14 0} y| 480) 480 
9 2,600-ft. sand Sener ote 11 70| y| 480) 550 
10 3}000-ft. sab .sh.< cece « 13 40} y| 400} 440 
11 5,000-ft. sand............. 2 0} y 40 40 
12 Total saa owser cee 5| 110} y| 1,480} 1,590 
13} Mirando City, Webb........... 15| 1,430} y| 420) 1,850 
14| Aviator) Webbs o. ..c<c 00 oe se < 14} 955} y| 320) 1,275 
15} Leaseholders, Webb...........- 14 10} 0 10 
16} Henne-Winch-Fariss, Jim Hogg.|12} 720] y| 440) 1,160 
Cole: Webb 
17 17 Q0-Et SAN i estes ole neier si 12 65) y| 4,000} 4,065 
18 2:300-ft: sand cesnaas> ail 9 0} y| 1,280} 1,280 
19 9:800-ft. sands. cep elses eae 6| 1,530} y| 120) 1,650 
20 2,000-ff. sand. ii3..235% ser 2 Ol y 80 80 
21 $,400-ft. sand............. 2} 640) 0 80] 720 
22 Totehen. Sas dhs aes 12} 2,235] y| 5,560) 7,795 
23] Randado, Jim Hogg............ 11 733] y| 150) 883 
24| Piedras Pintas, Duval.......... 11 30} y 0 30 
25| Alworth, Jim Hogg............ 10 40] y 30 70 
26] Kohler, Duval...............55 10} 170} y| 1,840} 2,010 
27| West Cole, Webb.............. 9} 330) y| 960} 1,290 
28] Cuellar, Zapata...............- 9} 315} y} 160) 475 
Driscoll: Duval 
29 2,400-ft-sand 2is5i4..07.¢ 9 0} vy} 600} 600 
30 2,900-ft. sand............. 8} 200) y| 400) 600 
31 $,300-ft; sand... ......0005 2} 150) y| 400) 550 
32 otalesnic. cracls cncteen 9| 350} y| 1,400} 1,750 
$3| ‘Albercal, Webb... % Foci scutes 8} 320) y| 160) 480 
34| Government Wells, Duval....... 8} 8,040] y| 480) 8,470 
35] Palangana, Duval..............| 8 40] y 0 40 
36] Martinez, Zapata.............. 8 0} vy} 600) 600 
87 ROME SUIT yan <a aces nm asia 7 10} y 80 90 
Escobas: Zapata 
38 1,000-ft. sand............. 6 O} vy} = =120) =120 
39 1,200-ft. sand. ..| 7] 1,400] y 90) 1,490 
40 1,400-ft. sand .| 6} 1,800) y 120} 1,920 
41 Total. . .| 7] 3,200] 0} 330} 3,530 
42) 8. R. C., Duval. “l6 80) y 0 80 
43) Los Olmos, Starr. . ..| 5} 160] y 0} = 160 
44| Wentz, McMullen............. 4 Ol y 80 80 
45) Sarnosa, Duval................ 4) 620] y 40} 660 
46] Rio Grande City, Starr......... 4) 160] 0 0} 160 
47| Jacobs, McMullen............. 4] 1,010] 0 10} 1,020 
48) Laurel, Webb iecsescs cs <stre. 4) 220) y| 320) 540 
49) Villa, Zapata... dake bas. eaicemels 4 0) 0 80 80 
50} Clark-Cowden, Jim Hogg....... 4 80] 0 40] 120 
51] Smith Hunter, Duval........... 4 0) 0 40 40 
BI Mooa, W608, cages en cie aero nghtes 4 80) 0 0 80 
53] Blas Uribe, Zapata............. 3 0} 0 80 80 
54] Ignacio, Duval................ 3 10} 0 0 10 
55| Cuevitas, Starr................ 3} 360) y| 400) 760 
56] Hoffman, Dural............... 3} 800) 0} 100) 900 
North Kohler: Duval 
57 1;700<ft.\6and ei s.cc sien ccs 3 0| 0 80 80 
58 2,400-ft. sand.2........0.5 3 10] 0} 320) 330 
59 Totaliie ene uration 3 10} 0} 400) 410 


Total Oil Production, Bbl. 


Total Gas- 

Production, 
Millions 
Cu. Ft. 


To End of 1936 
During 1935 


wo 
A=! 
EI 
: 3 
To End of} During | During S 
1936 1935 1936 Eo 
ss 
ane 
>e 
ae 
i=) 
Gas Gas Gas 0 
142,161 2,579 3,606 43. 
Gas Gas Gas 0 
z 0 0 0 
582,000 31,276 68,430 191 
628,351 10,476 10,047 27 
Gas Gas Gas 0 
Gas Gas Gas 0 
92,492 4,818 2,245 4 
157,896 3,258 1,350 4 
Gas Gas Gas 0 
304,669 8,076 3,595 8 
8,609,010} 137,821) 143,362 372 
5,493,551) 154,718) 143,237 389 
a 0 0 0 
3,253,498 7,160 1,126 0 
179,856 12,288 12,200 30 
Gas Gas Gas 0 
1,839,840] 326,242) 1,183,759) 3,550 
Gas Gas Gas 0 
1,716,175] 1,138,413] 440,199] 1,271 
3,735,871] 1,476,943] 1,636,158] 5,851 
4,273,401] 132,476) 113,507 285 
145,070 12,129 3,049 0 
27,154 1,151 320 0 
499,662 44,012 36,861 119 
3,130,319] 286,083) 208,629 462 
2,446,993 42,146 42,522 83 
Gas Gas Gas 0 
450,744 20,444 21,000 75 
194,153 62,310} 114,753 395 
644,897 82,754) 135,753 470 
2,436,508 38,246 31,075 62 
28,373,750] 6,393,169] 5,810,076] 14,605 
y 0 y v 
Gas Gas Gas 0 
15,282 2,355 956 0 
Gas Gas Gas 0 
4,925,976] 604,164] 582,009] 1,663 
1,285,993 62,671 64,890 216 
6,211,969] 666,835} 646,899] 1,879 
203,371 15,937 3,847 0 
472,492 71,742) 55,943) 167 
Gas Gas Gas 0 
1,525,554] 320,323] 319,965 757 
228,930 72,514 83,373 220 
793,000} 180,815] 242,282 700 
666,372] 32,262 10,723 29 
Gas Gas Gas 0 
Gas Gas Gas 0 
Gas Gas Gas 0 
592,791} 228,931) 147,426} 399 
Gas Gas Gas 0 
x 0 0 0 
383,398] 154,327] 154,942 450 
287,066 5,486] 281,580) 1,048 
Gas Gas Gas 0 
9,125 0 9,125 30 
9,125 0 9,125 30 


2 Footnotes to column heads and explanation of symbols are given on page 291. 
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y 
y 
y 
58.2 
0 
0 0 
y y 
27.5 0 
0 0 
0 0 
y 264.6 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
10.4 y 
0 0 
0 0 
y y 
y 402.7 
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te) oe eT re nn toe | 
Produc- ‘ Depth, pS Pressure, Character of Oil, 
tion, Number of Oil and/or Gas Wells Average in per Sq. | Approx. Average 
Millions Feet Methods at ms during 1936 
Cu. Ft. End of 1936 ae 
; Average Gravity 
FAR At End of 1936 Be ee ope Nash | “at Bnd (|) APL at 60° 
Z 3 3 of F. 
> i} 
ra <3} = i=! 
oS = ba i=) 
Eig \As\= Sele Ie wl |x 
a re w=) ‘Ss Ga 
B/S |s=|3 | B| s leS| Pa\eaf2] Ble 13 | ol dlalss 
A 1) gq wo) 2 ay ae: B§ SOlsSo =| q n| & a B-| 2 Ss 
Sea ite gel a | files 3 Saloa\a5|Saleaa ‘=e Ae £ a “oo O| % 
2|)§ |88|/88|/ 8 | s |8a Sas alse Sal Se Ses g/£/8/81 8 oF) 3 
See lo-| ola eeGe Gece |e (s'e | e/a) S12 |e ela 
Tele0)| OF|) Asie Ole 10) 0 20! OF OF 0) S00] 650) 0) Ola aie ay) Ol 0120 | 0 
Dal Ou) 0.9155 0 143 41) Jol” 10 4| 173] 165 0 Ay iy | xy) yi yi | P 
See y 625| Ole 0) Ol FO sOl, Zier 212404090)" (0) Ol galrgaiiey | 01 0:\'0. |) %0 
45) 10} 0 y 0) 20}, 9.0 0} 60} (0 0 y y 0 Oc eg cy ey y 
5| y| y| 96] Sil 0} 0} 53! Of 2] 55/1,000] 700} y| ylO}0} O| y| y {19.5| P 
6B; yl} 29) ©] Of 7 10) OO} 4) 11)1,540/1,525) 0] 10) a) ac) »| y|-y |22.5) P 
7 \04|\<10 2] of of Oo} | OF Of  0/1,305/1,270) 0] O} 2/0] 0} 0} 0/9 | O 
Sieg gil 24leenole <0) =O] Ol OL Olnr) 0/ 2130/2190) 0] 0) 2/0/90] CO] 01:0.) 0 
91 yl y 13) Ol Ol) 6) Al Ol Ol) 412,605) 2;597; | Ol 4) oa ay) iy | 9 [84 1eP 
10K yl AS eee Ol Ole 2 95], O) 10m 9151 3,198/3,.180) OF 2) aie | vy 146 | P 
| y| y tl amOl sO!) 0); BOpe or jl 1/5,056/4,957/ Oo] Oly|y| y}| 0] 0/0 | 0 
12) | x1. 63] Of 0; 8} 9 oO} 11) 20 
13] y| y| 294 0} oO] 0} 96) 0} 20) 116)1,741/1,730] 0) 96)2}y|] y] y| y |22.5) P 
14/ 0! 0| 217] 0} 2] 0} 90] Oo} 0} 90)1,730)1,719) 0] 90)z]y] ¥| y| y |22.5) P 
15| 0] 0 2} of oO} 0} of oO} 0} 0} 1,015]1,000] 0] o;2]/ 0} 0} O| 0Oj18 | P 
ise | o| 0|- 191) of Oo} 6 oO} of Oj  0)2,149)2,140]) 0] 0; 2]0] 0} 0} y |22.5) P 
HW 7alery) | ay ||: 123 eakOl™ 10) <0 6} y| 82} 88/1,730/1,722;} of 6/2}y| v| v| y (22.5) P 
is! y| y| 32/ o| Oo} o| 0] 4y| 22] 22)2,324/2,314) of Ol2|y| y| 0] 0) 0 | Oo 
19| y| y| 149] 99] of} 0} 149] 0} 11] 160)2,815|2,800] 60) 89) z}y| y| y| y |22.5) P 
201} yl y 2} of o| ol ol- of 2] 2)2,960/2,951] 0] O|2| 0} 0} 0} 0/0 | O 
a| yi y|} 58] 0} 6 0} 50] y| 0] 50)3,414/3,400] 20, 30) z]/y}| y| uv] y |4t.7) P 
92! y| y| 364} 99) 6| 0} 205) | 117) 322 
231 y| y| 189 0} 11) 4) 95) y| 0} 95} 1,299) 1,220 0} Mlaly| y| y| y |22.5) P 
24) 0] 0 4) o| o| 2] of} of o}  0/3,626/3,600| oO] O;z|y| y| y| y 52 | P 
25| 0} 0 gi of 4] of; of o} |  0/1,026/1,020) of O|z|y]| y}| Oj} 0 |22.5) P 
26} y| y 65 0} oO} 0 8} y| 29} 37] 1,850) 1,843 Oo} 37}aly| y| y| y |22.5) P 
o7| y| y| 118; Of of | 57] y| 14] 71)2,846/2,335| 24) 31) 2] y| v| y| y /22.5) PB 
231 01 01 go 0} 9] 6] 16] ¥y} 0| 16/1,340/1,332) 0} 16)2|y| y| y| y [22.5) P 
299) yl y 31 of of of o| | 3). 312,405/2,459; 0] Ojz|y| vy} 0} 0) 0 | 0 
30} y| y 6 Oi r0|) 50 rt) ee | 5] 2,890] 2,884 0 44z\y| oy] y| y |22.5) P 
31)» | oy 24, 10) oO} 3 720K 0 7| 3,448] 3,370 7 Olaly| y| y| y 34.5) P 
Bley levi) sai 12) 0) 8) -1tly 90) 14l) 15 
237; 0'| 0 7 o| 7| 5| 14] yl 0] 14/2,175}2,158] 0] 14/2] uy] vy] y| y j22.5) P 
34| y| y| 797; 16 3| 8] 726| y| 11! 737|2,350) 2,331) 492) 245) 2) y| vy) yl ¥ 22.5) P 
Some Oct 0:|| v4 memset 1) eal 1| 0| o| 1! 550) 540| | - 1) 2|0| 0} 0} 0/16 | P 
36|/ y{| y{| 31} of 0} Of of | 18} 18) 1,870/1,860 0) Ojz|y| ¥| 0] 0 0 0 
37 | 0| 0 12 oO} Oo] 5 1) 20) 40 1| 3,590) 3,560 0 Ol2}y| O| y| y |35.2) P 
38 2} of o| o| of | | — 0/1,012/1,000} of oj2zj|0} 0} O| 0)0 | 0 
39 : 2 220/ 0| of | 213} 0} 13] 226/1,240/ 1,226] 0) 213;}z]y| y| y| y |22.5) P 
40| 4| y| 69] 0] 0| 0} 56; 0} 0] 56) 1,440)1,433} 0) BB) ey] vy} ¥y Y 22.5] P 
41 | y| y| 291] 0) 0} 0} 269) 0} 13) 282 
42| 0} 0 6. of ~of ~(of ~sol_sool_soo} «0 4,727/ 1,720] of 9=o} | y| 0] v | y [22.5] PB 
4 | 0/ 0] 82} Oo} Oo} oj 72) 0} Oj 72) 380) 360) 0} 72)r)y) vy) yl! ¥ 18.0] P 
44| y| y a} of of of of o| 2] 2] 380] 370] 0} Ojz|y| v| 0) 910 | 0 
45| 0/ 0| 48| 0] | 0} .32] 0} 0) 32)2,455)2,415} 0} 32) 2) y) vy) vl} Y 22) 5\eP 
46| 0] 0 27 gs} o| Oo] 26) 0} 1) 27) 1,463) 1,455 0) a7jclyul| vy} yl y |27.3) P 
47| 01 0| 119] 42| 0} 0] 83] Of 0] 883) 975] 956, 18) 65)2)y| vy) yy) Yu 22.0| P 
4g|y| yi} 241 of of OF 13) y| 3] 16)2,220)2,211) 0, 18)e)y) ¥| vy 8 48.5) P 
49} 0} 0 a) gi} «(Ok Ol) OF” sC#O A001 1,580| 0} «= z | O | 8} 0) 0; 0 | O 
50 | 0| 0 11 of of oo} o| of Oo} of 2,262|2'246, 0) Of 2|0| 0] 0) O10 | O 
51 | 0] 0 | ol | OO} | Of- 011,931] 1,910, 0, 0) 2/0) 0) 0) 0/0 a 
52| 0] O| 11 11 0] o| 10] o| of 10] 861) 850) 1) %2}y| vy} y| y |22.5 
53 | 0] 0 o| of 0} of oof_soo—sCO]_-~—«i 1,845] 1,835] ofS Of | O| 0) O| 0) 0 aD 
54| 0] 0 a ierol ol © @ Vol GF Ol 0) 2198/2197) Oo} 02) 0| 0) 0; 0 22.5 
551 y| y| 17} of Of 0} 11] 0} Of 11/2,242/2,220 95) «6 zw) wv) Y y |35.2 : 
56 | 0 | 0| 51l 46] 0} 0| 39) | 2| 41)2,757|2,751| 26, 15} e)y) vy} yl ¥ D2r5 
Lieeerote Ol a0! FeO 20) 4 1|1,739/1,736} 0| o|z|/o}| 0| 0) 0/0 | P 
fe ; 4 al of o| of 3] of. 1|  4)2,452/2,438) of Oz} 0} 0} 0| 0 0 | 0 
59 | y| 0 FOr a0) ele asie sO) 2 5 
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Deepest Zone Tested 


Producing Rock 
Character of oe to End of 1936 
Gas, Approx. 
Average during 
1936 s 
“es 
23 
3 > 
7 iB Depth 
§ Gal. Name Agef 3 A PS Name of Hole 
gq | B.t-u. | Gaso- % - aol b» |e z = Ft. 
Ee} per line 3 > (38 5 3 ss 
ee Cu. Ft.| per os é g |e 3 8 g-y 
- Ue 5 o & 
fs e+ 6. | 8 pat) a 2e 
a. 0 0 Cockfield Eoc | Ss | Por | 50 A | 51 Mt. Selman 3,138 
2 0 0 McElroy Eoc Ss Por 8 ML | 30 Cockfield 3,000 
3 0 0 McElroy Eoc Ss Por 20 A 14 Reklaw 5,000 
4 0 0 | McElroy Eoc | Ss | Por z 2 oly : y 
5 0 0 Cockfield Eoc Ss Por 13 = 29 Cook Mountain 2,860 
6 y y McElroy Eoc Ss Por 15 ML | 69 Cook Mountain 3,660 
vi 0 0 Whitsett Eoc | Ss | Por | 35 AF 0 Queen City 5,057 
8 0 0 McElroy Eoc Ss Por 10 AF 6 Queen City 5,057 
9 0 0 Cockfield Eoc Ss Por 8 AF | 10 Queen City 5,057 
10 0 0 Upper Saline Bayou | Eoc | Ss Por 18 AF | 17 Queen City 5,057 
11 y y Mt. Selman Koc Ss Por 99 AF 0 Queen City 5,057 
12 
13 y y | McElroy Eoc | Ss | Por | 11 | ML | 95 | Reklaw 5,000 
14 0 0 McElroy Koc Ss Por at MF | 69 McElroy 2,400 
15 0 0 McElroy Eoc Ss Por 15 ML | 15 Cockfield 2,791 
16 0 0 McElroy Eoe Ss Por 9 MF | 48 Cockfield 3,400 
17 y 0 Whitsett Eoc | Ss Por 8 | AM | 32 Reklaw 6,394 
18 y 0 McElroy Eoc | Ss | Por | 10 A | 27 Reklaw 6,394 
19 0 0 McElroy Eoc | Ss | Por | 15 A | 31 Reklaw 6,394 
20 y 0 ‘| Cockfield Eoc | Ss | Por 9 A. als Reklaw 6,394 
21 y 0 | Upper Saline Bayou | Eoc | Ss | Por | 14 A | 13 | Reklaw 6,394 
22 
23 y 0 | Whitsett Eoc | Ss | Por 9 | MF | 28 Mt. Selman 5,222 
24 0 0 Cockfield Eoc Ss Por 26 26 Mt. Selman 4,502 
25 0 0 McElroy Eoc | Ss | Por 6 | ML | 15 McElroy 2,500 
26 y 0 Whitsett Eoc | Ss | Por 7 | MF | 8 Mt. Selman 7,723 
27 y 0 McElroy Eoc | Ss | Por ll ML | 17 Mt. Selman 5,225 
28 y 0 | McElroy Eoc | Ss | Por 8 | ML | 24 | Mt. Selman 4,532 
29 y 0 | Whitsett Eoc | Ss | Por cf A 1 Caddell 3,448 
30 y 0 McElroy Eoc Ss Por 6 A 0 Caddell 3,448 
= y 0 McElroy Eoe Ss Por 10 A 7 Caddell 3,448 
3 
33 y 0 McElroy Eoc | Ss | Por 17 | MF | 79 Lower Saline Bayou | 4,942 
34 y 0 McElroy Koc Ss Por 19 MF | 41+ | Mt. Selman 5,858 
35] 0 0 | Cap rock Ed L | Cav} 5 | Ds | 71 | Jackson 3,813? 
36 y 0 Queen City Eoc | Ss Por 10 z | 20 Cockfield 3,000 
37 y 0 Queen City Koc Ss Por 30 A 6? | Reklaw 4,827 
38 y 0 McElroy Eoe Ss Por 12 ML Cockfield 3,500 
39 y 0 McElroy Koc Ss Por 14 ML | 15? | Cockfield 3,500 
Py y 0 McElroy Eoc | Ss | Por 7 | ML | 29 _— ‘| Cockfield 3,500 
42 y 0 McElroy Koc | 8s | Por 7 6 McElroy 2,400 
43 y 0 Frio Olig | Ss Por ll ML | 65+ | McElroy 2,500 
44 y 0 Whitsett Koc Ss Por 10 x 3 McElroy 2,000 
45 y 0 McElroy Eoe Ss Por 40 MF | 14 McElroy 2,800 
46 y 0 io Olig | Ss | Por z 185 McElroy 2,429 
47 0 0 Cockfield Eoc | Ss Por 19 x 18 Cockfield 1,085 
48 y 0 Cockfield Eoc | Ss | Por 9 | MF | 29 Mt. Selman 3,225 
49 0 0 McElroy Eoc | Ss | Por | 20 x 0 Cook Mountain 3,000 
50 0 0 McElroy Koc Ss Por 16 x 5 McElroy 3,210 
51 0 0 Frio Olig | Ss Por 19 z 2 Caddell 3,600 
52 0 0 McElroy Eoc Ss Por ll AF 6 Ms r Saline Bayou 2,178 
53 7] 0 McElroy Eoc Ss Por 10 x 6 cElroy 3,000 
54 y 0 McElroy Eoe Ss Por ll 3 Caddell 3,102 
55 y 0 McElroy Koc Ss Por 22 MF | 13+ | Cockfield 3,600 
56 y 0 McElroy Koo Ss Por 6 x 6 Cockfield 3,512 
57 0 0 Whitsett Eoc Ss Por 3 MF | 15+ | Cockfield 3,307 
58 0 0 McElroy Eoc Ss Por 14 | MF | 18 Cockfield 3,307 
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Peters.—The Peters field, in western Duval County, was opened by 
the Mills Bennett Production Co. in June with an oil well in the McElroy 
(Middle Jackson) sand at a depth of 1757 to 1760 ft. Several additional 
wells have been completed but development is not active. 

El Mesquite.—In July the Rogers Oil & Gas Co. opened the El Mes- 
quite field, in southwestern Duval County, with a 10-bbl. oil well in the 
McElroy (Middle Jackson) sand at a depth of 2850 to 2862 ft. Several 
dry holes have been completed in the area since that time and undoubtedly 
further development will be retarded in consequence thereof. 

Wood.— Kd Leach et al. completed a gas well in the Frio (Oligocene) 
sand at 963 to 975 ft. on July 23, thereby opening the Wood field in 
southern Starr County. 

Colorado.— This field is in southwestern Jim Hogg County. The 
first well was completed in the Cockfield (Eocene) sand at 3010 to 3017 ft., 
in August, by J. H. Meek, and produced about 65 bbl. per day of 47° 
gravity oil. One dry hole has been completed since and one test 
is drilling. 

North Kohler—The North Kohler field, in western Duval County, 
was opened in November by the Humble Oil and Refining Co., with an 


TABLE 1.—(Continued) 


Total Gas 
Area Proved, Acres Total Oil Production, Bbl. P ean 
© Cu. Ft. 
S 
S &0 
Field, County a # 
= Pay 
Pm £ . To End of| During | During © or) 
3 w| Ol |%| Gas | Total} “1936 1935 1936 | fo |=| 8 
: | ig |=| 3 
> a] : bo 
S s a BS a| € 
4 a 5 a2 |e) 4 
arabe: Starr 
60 O00-ft sand. Boo cpa ea 2 0} 0 20 20} Gas Gas Gas Oly v 
61 2,400-ft..sand...... sscc0+ es 3 20] y 160 180 21,990 15,001 4,330 0 wey y 
62 POtaL Me. oot eencew cera 3 20) 0 180) 200 21,990 15,001 4,330 Oly y 
Eagle Hill: Duval 
63 1,500-ft.pands... <i... 6s 3] 200] 0 0} 200} 507,457} 155,006} 130,782} 307 | 0 0 
64 2:100-ftasand.... 36.05.45 2 40) 0 0 40 22,176 9,217 7,010 27 | 0 0 
65 MP OGAL ei rarecetajoymrvjo\s| others 3] 240) 0 0} 240 529,633] 164,223} 137,792) 334 | 0 0 
66| Lopefio, Zapata..............+ 2 0} 0] 1,000) 1,000 Gas Gas Gas Oly y 
67| Comitas, Zapaia............... 2 675| 0 0} 675 267,273 2,838] 252,947) 1,522 | 0 0 
68] Labbe, Duval..............0066 Ae O10 40 40 Gas Gas as 010 0 
69] Colmena, Dutal.......2- 20... 2 60] 0 40 100 14,811 0 14,811 90 | 0 0 
70| Loma Novio, Duval............ 2} 7,500} 0} 210] 7,710] 5,629,565} 782,644] 4,846,921] 15,051 | y Yast 
71| Piedra de Lumbre, Dutal....... 1} 550) 0 0} 550 07,445 7,714| 199,731; 665 | 0 0 
Seven Sisters: Duval 
72 eo, 200-ft. sand Pia dees Dashes 1 120} 0 10 130 140,727 11,127} 129,600) 265 | 0 0 
73 2:A00-ftisand). ...o..-%.65- 1} 3,680) 0 0| 3,680) 1,885,765} 115,536) 1,770,229) 7,351 0 0 
74 2,700-ft.isand)......... 002% + 0} 400) 0 0} 400 92,435 0 92,435 365 | 0 0 
75 "OGG vette aie since 1| 4,200) 0 10 hare! ge ers! aes et si ; 2 
L Alto, McMullen.......... 1 0} 0 0 i f i 
Me Lesied, Webb... BM aike: Means u get 1] 3,365] 0 0} 3,365} 1,435,766 62,737| 1,878,029} 5,984 | 0 0 
78| Peters, Duval. ......-00.. 0005+ 0} 100) 0 0} = 100 18,962 0| 18,962} 203 | 0 0 
79| Colmena, Duval.........-..+++ 0 60} 0 0 60 11,412 0 11,412 133 0 0 
80| Alta Mesa, Brooks..........++- 0 50} 0 0 50 6,908 0 6,908} 107 | 0 0 
1| Colorado, Jim Hogg........++++ 0 10} 0 0 10 513 0 513 0 |0 0 
82] Loma Vista, Duval...........+- 0 10] 0 0 10 1,664 0 1,664 OF 0 0 
83 Otol ses ce mteenisae oer 40,399] | 19,440] 59,839} 86,367,569) 11,786,447|19,238,079) 59,787 
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oil well in the McElroy (Middle Jackson) sand at 2613 to 2642 ft. Inas- 
much as the Humble owns most of the acreage surrounding this well, the 
development will probably not be rapid. 


WILDCATS 


Approximately 300 abandonments are recorded for 1936, many of 
which were wildcat tests drilled in an attempt to extend the productive 
areas of the Mirando, Government wells and Loma Novio sands of the 
Jackson. No outstanding deep dry holes were drilled during the year, 
probably because of the extensive program carried out in an effort to 
find more prolific shallow production. 


OUTLOOK FOR 1937 


The drilling campaign starting the year 1937 is not so heavy as that in 
1936, since no important discoveries were made and the extensive pools 
opened in 1935 are about drilled up. However, wildcat activity is rather 
extensive in all counties in the district and tests are being drilled deeper 
than formerly. Satisfactory geophysical work is being done in the eastern 
part of the area and since eastern Duval, all of Brooks, and the eastern 


TABLE 1.—(Continued) 


Toial Gas Oil Pro- 
oduc- 2 Depth, : Pressure, Character of Oil, 
“hte Number of Oil and/or Gas Wells Average in ae Lb. per Sq. | Approx. Average 
sagt Feet End of 1936 In.¢ during 1936 
During 4 NGmbee Average Gravity 
“s 1936 At End of 1936 z g of Wells at End A.P.I. at 60° 
rd = ‘3 of F. 
= q 3 3 
A Be 3 m be 3 
2/8 \E8ls eel we, | elem BS | o 
aja ssi |B] & gSlezl gales] sla ls | | 2 a) 8 \ge 
Z| 2 \ge| gel &| 3 [2s/86|8o(SS\_3| F2|/32| 2) 2 \s 3% 
o|° Bl ge| a g2(Sal Sy lsalss|ssiee| = S| .6| © E £ ER 
I B 45/8S| & | & |sdies| es alee SE! o§| & é a\S/2 18/8 (Sz 3 
|AlayIO O | [eV ASS eS) ar le & a 
60} vi vy} 3 ols oo} .o} of ol 8i si 75] eas z/0} 0} 0] 0/0 |] 0 
61 yvyiy 9 3 (oe 2 0 5 7| 2,455) 2,440 
62) vlog |) 12immes!) Olen 0)” Siero] eeledo ae Pw Dred 
63 0] 0 16 0 0} =O} «16 0} 0} 16] 1,490} 1,480 ziy 22.5) P 
64 0}; 0 2 0 0 2 0 0} 0} 0) 2,147 2)136 preg : é 
85 0} 0 18 9 9 P 16 0} Oo} 18 gt Pa igdl Shev Ok oes 
y\ oy 1 0| 11] 11) 2,180) 2,132 z/0] 0] 0 
67| 0] 0| 112] 104) 0] 0} 106) 0} ~—o} 106) '840| ‘g32 alylyly : 02.5 > 
68] 0} 0 4 1 0 5} 0 0 5 5} 2,460) 2,453 z|0 a1 8 0|0 0 
69 0; 0 5 2 0} 0 3 0 2 5] 1,505) 1,486 z|0 0 0 0/0 0 
0) view 680} 462 0} 10! 636 0 5} 641] 2,705) 2,680 ai y y y y |24.5] P 
71) 0} 0} 34} 32| of 3] 30] 0} 0} 30) 1,950] 1.930 c\y| yl y| y 22.5) P 
72 O70 12 0} =O} 12 0 0} 12} 2,213) 2,198 4| 2 
mL gL S] sal my gas) Qaidsapleay om gE tE| t/t) gma 
15] 2,685) 2,666 
75 9 9 365 325] 0 R 3d 0| 0) 341 ollie fic (eae eo he a's 
0 0} OO}  2/2,194) 2,186 0} z 
77 0 0| 271) 245 0} 0} 260 0 1) 261) 2,183) 2,159 1| z ; . : “ 8 p 
78 | 0: 0 13) 13 0) 219 0 0} 2) 8 1,760} 1,757 Oziy!l vl yl y j22.5) P 
79 0) 0 5 5 0o| =O 3 0 k 4) 1,505) 1,486 0} x} 0 yi yi y |22.65) P 
80} 0} 0 3 3 0} 0 1 Oy oO 1} 3,047] 3,022 Ojz}0)] vy] y y |24 ye 
81 0; 0 1 1 0 1 0 0} 0} 0} 8,017) 3,010 1] 2 | 0 y y y |46 Ig 
82 oO; 0 1 0 0} 60 1 0; 0 1) 2,921] 2,914 1jz}0} O| O| O 122.5) P 
83 5,167| 1,473| 43] 224) 3,361 287| 3,648 3 ; 
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portion of Jim Hogg and Starr Counties are in a salt-dome province, 
undoubtedly some favorable results may be anticipated. 
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: Deepest Zone Tested 
Character of Producing Rock to End of 1936 
Gas, Approx. 
Average during 
1936 
8 
23 
oS ee 
on pd Depth 
3 Gal. Name Ages é = aA ES Name of Hole 
B.t.u. | Gaso- & - 451% |era Ft. 
g per | line 3 b> 13S) & less 
4 |Cu. Ft.| per M. Fs ‘ga 1es| 8 aoe 
g Cu. Ft. See eee Be eae 
| iS) a |e ine 
60 y 0 Frio Olig Ss Por 30 x 6 McElroy 3,610 
61 y 0 Frio Olig | Ss Por 15 z 6 McElroy 3,610 
62 
63 y 0 Whitsett F Koc Ss Por 10 MF 6 McElroy 2,364 
64 y 0 McElroy Eoc Ss Por 11 MF 5 McElroy 2,364 
65 
0 een Cit; Eoc Ss Por 48 A 0 Queen City 2,180 
e7 6 0 Reino z Koc Ss Por 8 ML | 6 Cockfield 2,500 
68 y 0 McElroy Koc Ss Por 7 x 0 McElroy 2,460 
69 y 0 Whitsett Eoc Ss Por 19 £ 0 McElroy 3,000 
70 0 0 McElroy Koc Ss Por 25 ML | 24 McHlroy 2,792? 
71 0 0 McElroy Eoc Ss Por 20 AF i Yegua 2,550 
0 McElro Koc Ss Por 20 AF 6 Upper Saline Bayou | 4,004 
ie 4 0 McElroy Koc Ss Por 16 AF 6 Upper Saline Bayou | 4,004 
74 y 0 McElroy Eoc Ss Por 19 AF 3 Upper Saline Bayou | 4,004 
75 
McElro. Eoc Ss Por 8 x 3 Cockfield 2,802 
- : 4 McElroy Eoc Ss Por 24 AF | 11 Upper Saline Bayou 3,224 
78 y 0 McElroy Koc Ss Por 3 ML | 4 McElroy 2,600 
79 y 0 Whitsett Koc 8s Por 19 ML 4 McElroy 2,500 
80 y 0 Catahoula Mio | Ss | Por | 25 Ds 9 Frio 8,020 
81 y 0 Cockfield Eoc Ss Por yf x 1 Cockfield 3,128 
82 y 0 McElroy Eoc | Ss | Por z 2 Caddell 3,006 
83 
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TaBLe 2.—Summary of Drilling Operations in South Texas District 


Important Wildcats Drilled in 1936 


Initial Produc- 
tion per Day fe st 
Fi Total | Depest Sa. Tn. 
County Location Depth, |} Horizon | Drilled by Sagem Remarks 
Ft. Tested Oil, | Gas, 
U.S.| Millions . 
Bbl. | Cu. Ft.| Tubing 
1 Brooks........ Alta Mesa field No. 1| 3028 | Frio California 20 T.D. 8022 
Garcia Co. ‘ P.B. 3029. 
2 Duvalle cme es Colmena Extension No.| 1592 | Whitsett | Conservative) 27 
2 D.C.R.C. OilCo. 
3 Palangana Dome No.1} 2744 Frank Gravis] 500 
A. Schallert 
4 West Side Gov’t. Wells | 2392 | McElroy | Magnolia 300 
field No. 1 Herman Pet. Co. 
Wendt 
5 Labbe Field Ext. No. 1| 2945 | McElroy | Magnolia Gas. (no} 810 R.P. 
Labbe Sec. 221 Pet. Co. gauge) 
6 S.E. Duval Co. No. 1} 7016 Benedum & D. & A. 7016. 
Sevier Trees 
7 Se eds Co. No. 1| 6022 Santa Clara D. & A. 6022 
00) 
8 Jim Hogg Colorado field No. 1 A.| 3017 | Cockfield | J. H. Meek! 70 
; Martinez Jr. 
9 Jim Wells..... San Diego field No. 1] 2957 Houston Oil 1% 
awkins 0. 
10 McMullen. ...| Rhode field No. 2 Kin-| 1822 | Whitsett | Magnolia T.D. 3153 
cai Pet. Co. 20 P.B. 1822. 
Md Start. cca: San Domingo field No.3] 2417 | McElroy | J.H.Clopton T.D. 4003. 
Roos and Bennett 15 
In Proven Fields | Wildcats 
Number of wells drilling Dec. 31, 1936...........0.....cecueeee 94 144 
Number of oil wells completed during 1936...............0.0000 1422 
Number of gas wells completed during 1936...............e00005 51 
Number of dry holes completed during 1936.............0..0e0ee 292 


Petroleum Development and Production in West Texas in 1936 
By H. W. Marnews* ano J. D. Wureter,} Memper A.I.M.E. 


THE increased activity in West Texas, which started in 1933, has 
continued through 1936 at a constantly accelerated rate. During 1936 
there were 1442 wells completed in the area as compared with 700 in 
1935 and 468 in 1934. Of these completions, 1313 were producers with a 
total 24-hr. potential in excess of 1,750,000 bbl. From among the 1442 
wells, eight are considered to be discovery wells for new West Texas fields. 


New FIewps 


Bennett.—The Bennett field, which added Yoakum County to the 
oil-producing counties of West Texas, was actually indicated as an oil- 
producing area during 1935, but the discovery well, Honolulu Oil Corpora- 
tion, Ltd. and Cascade Petroleum Company’s Bennett No. 1, was not 
given a production test until April 1936. The discovery well made 
15 bbl. per hour through 34-in. choke with a plugged-back total depth 
of 5264 ft. First oil in the hole was from 5088 to 5090 ft., which is several 
hundred feet below the top of Permian lime. Producing limits of the 
field are unknown, as the second test had not reached the pay at the 
close of the year. 

Henderson.—To date indications are that the Henderson pool, in 
northern Winkler County, is the most prolific area opened during 1936. 
This field, which lies to the north of the old Hendrick pool, is producing 
from the same reef-type dolomitic lime producing in the older field. The 
Henderson field was opened by the completion of R. H. Henderson, J. B. 
Walton-Humble 1-A in April 1936 for a natural flow of 2306 bbl. per day 
through tubing. Total depth of the discovery well is 3049 ft. Later 
development has indicated the productive area to be a rather narrow zone 
running slightly west of north. Present area of from 1000 to 1500 acres 
has been proved for production. 

‘Keys and Emperor.—The Keys and Emperor pools in the belt of sand 
pools running across Winkler County appeared for the first time on State 
proration schedules during 1936. This report considers these pools as 
links in joining the belt of sand production across Winkler County, for 


Manuscript received at the office of the Institute March 29, 1937. 
* The Standard Oil Company of Texas, Iraan, Texas. 
+ The Ohio Oil Company, Iraan, Texas. 
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TaBLE 1.—Oil and Gas Production in West Texas for 1936 


Area Proved, Acres Total Oil Production, Bbl. 
Field, County 
5 22| oi | and |Gas| Total | Tod of | During 
5 +30 Gase 1936 1935 
5 dx 
Zz Pann 
g £5 
re) eS ee oe ee Oe ee ee 
1 |\Doyah, Reevesicscecic ccs ctee ve cscs ciersasiciee cas 17 640+] 0 0} 640+ 6,500+ 100+ 
2 | Westbrook, Mitchell... ccoc..0..ccccecncecee en 16 | 4,000 0 0} 4,000 8,098,065 344,992 
Big Lake, Regan 
3 DAOO-Fts ISR oes cack ee io dite eRe 13 y y y y z z 
4 3000-6.) Pernaianl 5, cain ceitoasia-tcirsesas 13 | 3,000 0 0} 3,000 60,436,054 1,935,987 
5 Ordovician ete Bee oe sate 8 | 1,300 0 0} 1,300 24,699,395 1,582,775 
6 | Emerald (Garza), Garza..........ceeeeececeee 12 320 0 0} 320 59,688 7,627 
7 | Ira (Northwest); Sct ry os. oc. = <teie.2:eccte <lainisie sats 12 640 0 0} 640 100,184 8,817 
8 Church-Fields-McElroyMcCiintic, Crane-Upton | 11 | 13,500 0 0) 13,500 | 100,402,526 4,062,666 
Chalk-Roberts, Howard-Glasscock 
9 1400-6, pay on caer con orcs not hae aes 10 | 1,200 0 0} 1,200 4,108,152 214,677 
10 P7OO=f6: pay screens cement eson aaa 11 | 4,000 0 0} 4,000 11,001,037 782,218 
11 2200-Ft DAV es compress > = cates eerste 8 | 8,000 0 0} 8,000 30,554,973 4,341,190 
12 DHOO-FES DAY loos stevie Mapeisie tere iste ake Pare 9 | 1,000 0 0} 1,000 6,373,292 536,305 
13 3000-L6. pay: soit case) oats inserts enleets 9 | 3,200 0 0} 3,200 20,675,572 900,733 
14 | Iatan-Denman, Mitchell-Howard............... 11 | 6,500 0 0) 6,500 5,247,193 1,162,966 
15 | McCamey-Hurdle, Upton-Crane................ 9,160 0 0} 9,160 31,569,747 2,028,050 
16 North Cowden, Crane?............-.00000 x x z z 
17 Bdwards, Crane®.., cece. x cinch = cars eesti z x z z 
18 Hurdle; Craneszssasustsaep cies dete ode zr zr z x 
19!)|| Wheat: Loving se. .c- cafe ore teams sta aeere 11 | 4,500 0 0} 4,500 6,345,199 658,977 
20 wodenordl Crockett 256 con Sonneries dees 11 | 2,000 0 0} 2,000 4,957,983 325,259 
ates 
21 Thime; Recos-Crockath cine tattoos acarseats silo az 10 | 20,000+} 0 0} 20,000 | 223,100,667 | 15,197,819 
22 Sand; Pecos. 28: tse oar a tee ao ee kala 3 700 0 0} 700 231,245 75,585 
23 Toharg: Pecos: css:ccacs sc teleese ve ates see 7 | 1,200 0 0} 1,200 3,855,080 644,519 
D4 |} Hendrick, Wanklens ac <smssestssermatecm arcane 10 | 9,200 0 0} 9,200 | 184,129,165 5,700,186 
Oe), Panne Weta, cota ma tsctieeeelde cameron ametarels 7 | 6,960 0 0} 6,960 15,261,126 2,051,447 
Bil Lek, «  Aleleletiard ariiae oh,« eeislerclsls ec lamicartte ear icts 9 500 0 0} 500 3,144,757 223,401 
27 | Scarborough-Kermit-Halley, Winkler........... 11,000+| 0 0} 11,000+ 5,330,071 935,821 
28 Boarborough’ aves «gene naeaeeh pawaetedbak z z zr x 
29 IBGSHANA cn ras cia Byes sie alate p slo slaincnye cies toals 2 x x E 
30 Me ROMS ONG DARIO CLUTY oar coc z x 578,746 z 
31 MANELOR soniciv oan Wasi cman esty a ately Ailes x z x z 
32 Brown=Altmaniict.\ 36 o:.cm «8s preedees x zr x 2 
33 PRR GY cin sininio alaccisras scribe eiaghieiners font titanate x Z z z 
34 Bealeviiss, SFo 320s. teisje <oheiis aat Bae Sa s x x z 
35 | Waddell- an CRONE a crit an oe Oe he 9 | 6,000 0 | 1,000} 7,000 886,083 99,016 
S61: Gravsohs hepatic. ah. Jods Oi ockeeRe etree 8 640 0 0| 640 460,045 67,770 
BZA OCOS,  VONOY, POCOR  ors.0:055 «ae cise ete oie er orginins 8 | 1,500 0 80} 1,580 581,335 73,599 
88 Pryor (Richard); Pecos ies cs iisee se eyilslalele 0 8 160 0 0} 160 27,229 3,524 
Taylor Link, Pecos 
39 Gime & ke cheeeede Pei eite dee « 8 | 1,000 0 0} 1,000 3,847,901 420,273 
40 RANG say ccc eran ola/sateie malta oad OHCs a 7 450 0 0} 450 465,791 15,000 
41° | Ward: OO. Wards win creat icsrets ci seeaistatend ate secs 30,000 xz | 1,000) 31,000 25,841,044 6,269,575 
42 Nortin Wardies cst sccusends, aeoeieer snes £ C x z 
43 Baten ot tcc wea nsnis neva ats qt sree en z x 309,063 0 
44 Dobhe sis. d.chwinds. Gavkst. Ses eee GEe x a 924 0 
45 MOULG WARS. sites wakes ck dota Meare x 2 z x 
46 Bhipley a, seis dacace chaste cca eee ato & z x z 
47 NLONLOGS sate. sis)e xe nie-ese ny seealaiecghee orn se SMe z z x z 


« Footnotes to column heads and explanation of symbols are given on page 291. 
12400 and 3000-ft. pays no Neg separated on production records by Rieti companies, All Permian production 


credited to 3000-ft. - pay for 1936. ig Lime and Big Lake lime are same z 
ti; Big and well, not included in McCamey-Hurdle pool a hs "1936, Production before 1936 included with 
cCamey fie 
3 The Scarborough field should probably be grouped with Leck and Sayre. 
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as the year closed the wells in the south end of the Keys pool were being 
completed as direct offsets to wells in the north end of the Brown- 
Altman pool. 


TABLE 1.—(Continued) 


a ee 


H i ; ali Depth, 
Total rat peatertiee, Total Gas Froduedon: Millions Number of Oil and/or Gas Wells Average 
4 as ee 
During 
1050 At End of 1936 
Daily 
Duri aga | Tolst er nering | Dat 
od uring age o End o} ring uring ® lon 2, 
4 1936 during 1936 1935 | 1936 ai feels | iE wplwSlun| ws bed 
3 : ao |Bs|/ 3] 8 |SASSEElES| Sle8 las 
1936 > lS o] 2/8 (SazrsslS argo] Slasa./25 
‘¢ Hasles| 2 | = |RSS eclealeele tees s 
5 SAR|ER) § | 3 Bz\ES ES EEA |SAP ces 
0 0 0 0 0 35} 0| y| vy} y| o| 0| 0} 100) 100 
3 319,980 | 1,111 x x x z | 136} 0] 0 | 19] 106) 0 | 0 | 106) 3,000] 2,800 
© ae x Ed 2 Ly 21 0} 1 0 y| 0 0 y| 2,500) 2,375 
: 1,931,503 | 5,096 x 2 x z | 261} 0| 0| 0| 201! 0 | 0 | 201] 3/000) 2/960 
5| 1,095,899 | 2,363 y y y y 24, 0| 2| 3] 16] 0| 0| 16) 8900] 81200 
18,304 114 x x x x s| 11 0] 0} 8! 0} 0} 8] 2,600) 2,510 
: 3100 3 x x x z 9} 2} 0] of} 9| of 0} 9} 2395) 2/395 
8| 4,491,732 |11,530 z x x z | 414! 31] 0| 0 | 414] 0] 0 | 414] 3,000] 2/800 
9|  466,000x | 1,175 x x z z 71) 20/ 0} 0] 70| 0| 0] 70} 1,400] 1,280 
10| — 650,000z | 1,635 x x x z | 266] 0| 0| 0| 264] 0| 0 | 264 1.750 1,650 
11] 3,907,000x |11,751 x x x z | 230; 21] 0| 0| 230! o| 0 230 2,300] 2,150 
12] '620,000x | 1,560 z x x x 49} 8| 0| 0} 49] 0 0 49| 2,600) 2,500 
13| 1,100,000 | 2,764 x z z z | 112] 141 0] 0] 95] 0 8,000} 2,900 
14] 2.291054 | 7/124 x x z «| 188) 62] 0) 1) 187/ 0] 0 | 187) 2, 0| 2,450 
15] 3,040,080 | 9,000 z x x z | 555} 1061 y | 0| 555} 0| 0 | 555] 2,400] 2, 
16| 2,166,279 | 5,300 4,400 3,950 
is ret us 2/100] 2,000 
0 604,496 | 1,418 z x x x o4| 5] 1] 15} 73! 0| 0} 78| 4,304) 4,297 
20| 390,024 | 1,160 x x z x 61] 5| 1| 0| 39) 0] 0| 39] 2,550] 2,450 
21| 12,214,156 |24,440 | 11,442 |3,202 |2,828 | 10.5 | 515] 41] 1] 0 | 514 0] 0 | 514] 1,450) 1,310 
22 96,846 174 x x z 2 10/ 3| 0 0 39 0 0 9 1,100 900 
34 itres 11900 E ; @ an # y | 392] 0 | 0 | 392] 2,900] 2,600 
4,791,76 é x 
35 2169267 | 5,472 | 16,508 |2,190y | 3,571 7.8 | 146] 17| 1| 0| 144] 0] 1] 145] 3,700] 3,590 
26] 161,361 324 x x x 2 16 0| 0} 0] 10] 0| 0] 10) 3,100] 3,000 
2,800 
27| 2,204,674 | 8,160 F7 x x z | 322| 2311 7] 0 | 3221 o0| 0 | 322 $300 2,800 
28 | '649;782 | 1,800 x eee 
29 10,361 26 t ee 
30| 578,746 | 2,905 x 5 ee 
31| 280,695 | 904 x HAR es 
32| 434.482 | 1,780 x Ee 
34 ; 3,540| 3,200 
35| 746,199 | 1,143 y y y y = + y . % 4 a 3 100| 3,050 
37 Br3rt 387 ; Q a 5 52} 111 0| 0| 52/ 0] 0| 52] 1,600 1,300 
33 1,200 0 x x z x 3| of of o| 2] 0] Of 2} 1,400} 1, 
48] 1,675| 1,630 
oy Deeeonlheed 4 : ABS hare ea es 4 O10] sl 1000] 970 
40 15,000r | 42 x x x x sy 
3,100] 2, 
41| 8,957,515 |27,485 a x pL ES ULB a sg sr sear Ra 
42| 2/951'948 | 7,500 x Peso] 2480 
43| 309,063 | 2,574 & 2'570| 21555 
44 6,924 23 x Fool ako 
45| 5,083,173 {13,410 x 2480 
3,100} 3,075 
46| 597,252 | 1,670 z 
4,675| 4,665 
47 9,155 25 x 


Ci Ss a es a a ae ee 
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proration purposes, 
report it is groupe 


new productive are 


Oil Production —— at End of Pressure, Lb. per Sq. In.@ Character of Oil, Approx. 


d 


Estes.—The Estes field, in Ward County, is another new field for 

but in the production tables accompanying this 
with other sandy lime fields of Ward County. This 
a lies between the Grand Falls or South Ward district 


TasLE 1.—(Continued) 


Average during 1936 Character of 
Gas, Approx. 


Average during 
: 1936 
Number of Wells talionae t End capt ap 
> oo 
5 3 2, Initial 3 
S718 
g bo a |,e’s 8\¢ -H 4 lS eae 
S Fy z= 5 2 3 Se 1935 1936 q Z Eis aS & 8f 
g| & ae ia\z|2 (sé 4 |e 25 32 | 483 
2\2|é|\6|4| 4 |5 = |S iE“ la™ a bose 
1 y y 0 0 0 0 z 0 0 1.7 
2 0 106 0 0 0 0 | e1,000z y y |27 2.5 y y 
3 y yell go eed y 0 x x = ky i 
4 0 201 0 0 0 0 r z By 0.4 4 10 
5 12 0 4 0 0 0 | e3,600 z xz |69 0.2 00 | 0.9 
6 0 8 0 0 0 0 z x | x |40 y yl|loy 
7 0 9 0 0 0 0 x z z |25 2.1 y| y 
8 86 328 y y y 0| e725 y y |33 2.5 00 | 1.7 
9 0 70 0 0 0 0 x x os ie 1.0 y| y 
10 0 264 0 0 0 0 x E 2 |e 0.8 of 18 
11 0 230 0 0 0 0 % x az |33 1.6 i ed 
12 0 49 0 0 0 0 x x zs ke 3.4 y\ou 
13 0 95 0 0 0 0 E 4 zr z |e 2.0 yloy 
14 6 181 0 0 0 0 L e500 e500 \34 2.0 y| y 
15 5 550 0 0 0 0 x x aiy 2.0 z\ 2 
16 28 0 0 0 0 
17 1 0 0 0 0 
18 0 7 0 0 0 0 
19 74 4 0 0 0 0 | e1,650 | e1,250 e900 |39 : 
: 
20 0 39 0 0 0 0 % x z |30 
4 
21 48 33 0 0 0 0 | e700y | e582 e536 jst 
22 0 10 0 0 0 0 E 2 2 
23 0 160 0 0 0 0 Ed x : om 
24| 183 169 y y 0 0 | e1,600+ £ z |35 
25 0 39 0 0 0 0 | e1,400y | e946y | e868 [35 
26 5 5 0 0 0 0 | e1,600+- 7] vy i\y 
27| 267 57 0 0 0 0 | e1,400 
28 66 44 0 0 0 0 Ss 
29 1 2 0 0 0 0 
30| 103 0 0 0 0 0 
31 29 2 0 0 0 0 
32 46 5 0 0 0 0 
33 10 1 0 0 0 0 
el BL als is) 3 [3 
0 0 |e1,500 
Be) Seals} g payee) S| ade 
0 & x 240 
38 0 2 0 0 0 0 z 2 _ HA 
39 0 48 0 0 0 0 a 
40 0 8 0 0 0 0 x “ * 38 
41} 739 78 x x x 0 | e1,400+ | e1,000 e700+ |38 
42| 147 10 0 0 0 0 
43 62 0 0 0 0 0 
44 0 2 0 0 0 0 
45 | 495 18 0 0 0 0 
46 34 48 0 0 0 0 
47 1 0 0 0 0 0 
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and the O’Brien or North Ward district and may in time be linked with 
either or both of these districts. The first wells to be completed in 
this extension area were completed from the pay between 2500 and 
2600 ft. Later wells finding this horizon nonproductive were com- 
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4 Deepest Zone Tested 
Producing Rock to End of 1936 
a2 
a3 
Char- | Poros- | Thisness,| 8 ste 
ar- | Poros- ickness,| Struc- | 4 Depth of 
3 Name Age! acter? | ity* | Average tureé | a By Name Hole, Ft. 
g in Feet Ske 
z, SSS 
© g 4a 5 
& & 5 
1 Pli? Sh Por 1 MC y Delaware Mt. 4,133 
2 | Big lime Per D,L Por 50 MC 3 Pennsylvanian 5,250 
3 Per i] 20 x AD L Ord 9,562 
4 | Big Lake lime Per DL Por 30 AD 10 L Ord 9,562 
5 | Ellenberger ee L Por y D 2 L Ord 9,562 
r 
6 | Big lime Per SLS Por 10 A 1 Per 4,801 
7 | Big lime Per DL Por 25 A 7 Per 4,528 
8 | Big Lake lime Per DL 15 75 A 3 Ord 12,786 
9 | 1400-ft. Yates sand Per tS) Por z A 4 Ord 10,906 
10 | 1700-ft. pay Per 5 22 20 A 3 Ord 10,906 
11 | 2200-ft. pay Per 8 Por x A 10 Ord 10,906 
' 12 | 2500-ft. pay Per L Por x A 1 Ord 10,906 
13 | 3000-ft. pay Per DL Por x A 10 Ord 10,906 
14 | Big lime Per DL Por 50 A 10 Per 4,220 
15 | Big Lake lime Per DL ys 30 A 48 Per 4,610 
‘or 
16 | Big Lake lime Per DL Por 20 Per 
17 | Big Lake lime Per DL Por 5 Per 
18 | Big Lake lime Per DL Por 5 Per , 
19 | Delaware Per iS) Por 7 M 6 Delaware sand 5,083 
Slight 
nose 
20 | Big lime Per DL Por 13 AD 4 Ord 8,830 
21 | Yates lime Per DL = 100+ A 17 Per 1,938 
av 
22 | Yates sand Per aks Por 15 AL 0 Per 1,852 
23 | Tobarg sand Cre SD Por 20 AL 2.2 | Per 1,400+ 
24 | Big lime Per D Por £ A 26y Per 3,962 
25 | Big lime Per DL eo 40 A 3y Per 4,002 
‘or 
26 | Big lime Per DL ed £ A Per 3,780 
av 
27 | O’Brien sand Per LLS Por 40 AM 6 Per 4,639 
28 | O’Brien sand Per Sy) Por 35 Per 
29 | Big lime Per DL Por 5 Per 
30 | O’Brien sand Per iS) Por 10 A Per 
31 | O’Brien sand Per 5 Por 10 Per 
32 | Big lime Per DL Por 10+ Per 
33 | Big lime Per DL Por 5 Per 
34 | Big lime Per DL Por 10 A Per 
35 | Big Lake lime Per DL Por 15 A 2 Per 3,859 
36 | Big lime Per DL Por x D 1 Mis - 9,967 
37 | Pecos Valley sand Per 8 Por 15 A 10 Per 2,550 
38 | Yates sand Per SH Por 5 A ‘ Per 4,375 
39 Per DL Por 15 D 0 Per 2,185 
40 | Yates sand Per iS) Por 6 D 1 Per 2,185 
41 | O’Brien sand Per 8, D Por 50 ML Per 4,825 
42 | O’Brien sand Per iS) Por Per 
43 | Estes sand Per 8 Por 15+ A Per 
44 | Shipley-Hazlett Per iS) Por 6 3 Per 
_ 45 | Penn-Bennett Per 8 Por 30 A Per 
46 | Shipley-Hazlett, Big lime | Per a Por 10 A Per 
47 | Delaware sand Per § Por 4 ik Per 4,675 
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pleted in a second brown sandy lime zone occurring between 2900 and 
3000 feet. 

Seminole.—As predicted in last year’s report, Gaines County saw 
considerable wildcat activity during 1936, resulting in the discovery 
of one and possibly two new fields and definitely adding Gaines County 
to the list of oil-producing counties in West Texas. First oil producer 
on the Seminole geophysical prospect was the Amerada-Averitt Ohio 
1-A, which produced 200 bbl. of 33° gravity oil through 1-in. choke on 
tubing. The discovery well was drilled to 5054 ft. and plugged back to 
5029 ft. The Amerada well is an offset to Walsh and Adams-Averitt 
Ohio No. 1 which was completed as a junked gasser at 4910 ft. As this 
discovery was not made until December, there has been no further 
development, but in view of the geophysical picture, it is thought that 
Seminole will provide Gaines County with a major oil field. Prior to 
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Area Proved, Acres Total Oil Production, Bbl. 
Field, County 

y Sel on lot | Gas |-rour | Tomed ink Bene 
: 2s ra 1936 1935 

5. 
Z Ee 
g oa 
3 <a 
48 | Irion Co., Irion...........000e0e: 7) 340 | 0 0| 340 100,910 16,000. 
49 | Masterson, Pecos............+2.+05+ 7 640 0 0| 640 999'392" 7040 
50 | Deep Rock-Fuhrman, Walker, Andrew. 6 | 2,420 0 0) 2,420 988,674 411,930 
51 | Cowden-North, Hetor............... 6 | 5,760 0 0| 5,760 3,873,178 1,158,316 

Sand Hills, Crane : 
52 Petelad econ nalinn coer vache creat 6 | 1,500+| 0 0} 1,500+ 141,107 10,361 
53 Ordovician $,.soee So tele etek etna ee 1} 160 | 0 0| 160 15,106 385 
54 | Todd Ranch, Crockett..........0ssssseeeeeeeee 5 360 0 120) 480 23,503 8,556 
55 | Addis (So. Cowden), Ector. ..........ee0eee00s 4! 1,500 0 40) 1,540 663,330 224,128 
56a) Marpac, Kctot c's" taamh eee gratis sated ger 3| ‘320 | 0 0} 320 93,452 33,469 
a7 Davidson, Ketor So eS cea scl toariaek ae 2 160 | 0 0| 160 05 0 
CONN, ANASODS, a-cachh ari oibie scams < kia e1 Pat oie 640 0 0| 7,640 689,01 

59 | Scharbauer-Goldsmith, Hetor.... 2.0.22... .o co 2 | 20,000+| 0 0|20000+|  402'386 | es 019 
60 | White & Baker, Pecost....................00.. 2} ‘320 | 0 | 640] ‘960 3,069 1/855 
GOL |\Parkear Andrews... sc/iensscrchoiks cudsee es 2 80 | 0 0| 80 25,791 10;366 
62 |Landreth-Johnson...............0scc0ecceee0 2] 160 | 0 0} _ 160 23,054 12,775 
Go) )| PAYEO HAMMAN <6 adekh tus ccnege scale goatee 2 | 8,000 0 0} 8,000 2,350,225 444,609 
64) | Koyatone- Walton pascuty pseu senies oabdere cite tie 1 | 6,000 0 0} 6,000 578,558 95,077 
65 | Cordova-Union (Webb Ray), Upton............ 1 160 0 0} 160 14,959 
BA MoGteley Water Litho tha vincthus acckn ae add 1| 4,660 | 0 0} 4,600 109,323 1,000 
GY) MoKinais, Paooa!* cc tense scokscseceane cc: Te e080 0) ‘160 2,447 1/375 
68 | Bennett, Yoakum. ..........ccccccecesneeees 0| 160 | 0 0| 160 9,505 "0 
69 | Henderson, Winkler........cccccccececueecees 0 | 1,5004+] 0 0| 1,500+ 217/466 0 
POs Dagan, | COCARGI wamatte sreqie oi cutesiccale teats cits 0 160 0 0 160 3,747 0 
7 tBaminole, Gaines. cksiy acui-ask cteaate aiaicc ee 0} 160 | 0 | 160] 320 1361 0 
Ol Netter ville, Pecve.wacmhy sa caer wins octet teste 0| 640 | 0 0| 640 621542 0 
MAA tbaumhis DawWaonst. veccne cane tabi ae cen debat: 0} 160 | 0 0] 160 "2 0 
74 | Dodson-Duffy, Glasscock.............000eeeeee 0 160 0 0} = =160 y 0 
75 | Landreth-Kirk, Gaines..........ssveccecccvace 0 160 0 0} 160 500y 0 


4 All wells plugged and abandoned. 
5 No pipe-line outlet. 
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the completion of the Amerada-Averitt well, Landreth Production 
Corporation’s Kirk No. 1 was completed at 4870 ft. pumping 65 bbl. 
of fluid, of which 23 per cent was water. This well, which is approxi- 
mately 10 miles south of the Amerada-Averitt well, is not considered to 
be a commercial producer from this depth. 

Dawson County.—Possible commercial production for Dawson County 
was indicated in mid-December when Ray Albaugh et al.’s Robinson 
No. 1 was shut in for storage after pumping at the rate of 4 bbl. per 
hour of pipe-line oil. 

Glasscock County——A new pool was added in Glasscock County 
through the completion by Floyd C. Dodson and B. A. Duffy of their 
J. C. Carter No. 1. The importance of this new field is not known as 
yet. The discovery well, which is 8 miles southeast of the World- 
McDowell field, made 110 bbl. of fluid on a pumping test, of which 70 bbl. 
was oil. Total depth of the discovery well is 2664 ft. after plugging 
back from 2669 feet. 
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7 ; f oie Depth, 
Total Oil Production, Total Gas ee, Millions Number of Oil and/or Gas Wells Weces ia 
Bbl. u. Ht. Feet 
During | At End of 1936 
Daily 
Aver- F . 
oe During age | To End of| During | During w jo 2 Le % a zx 
B 1936 during 1936 1935 | 1936 gf Bele |e Belen we va| 2Ise [of 
2 1936 g> (23| 2 | 8 |SCrSSlSels6|_ 3/28 o/a8, 
2 easlez| F| z |fzlealzcleaigciees ces 
5 SAASR S | PEO EO Eo ea Sam eas 
48 14,368 48 x x v z a) Sr a) DiNOle 10 y| 1,410} 1,400 
49| 194,156 | 660 z z z | 2 14, 7] 0} 0] 141 0| of 14] 1/400] 1:200 
50] 389,003 | 779 y | 242y y y 19} 6) 0] 0} 17] 0] 0| 17] 4,628] 4,348 
51] 2,166,279 | 5,332 15.5y|  4.6y| 8.6y/ y | 109] 45! 0} 0 | 109} 0 | 0 | 109] 4/350 4,000 
093 | 259 x 2 z | « 12} 9/ 0] 0} 12] 0} o| 12] 4,400] 3,000 
23 731 33 z x z | 1] 0| 0} of} 1] o| 0} 14| 6,450] 5,980 
54 3,779 10 x z a | 2 6} 0| 1] 0} 1) 0} Oo} | 1,600] 1,599 
55| 131,324 | 339 z z z |. 2 15] 0] 2] 1] 12] 0] 0| 12] 4,200] 3,900 
56| 35,187 | 259 x x z | 2 3} of of of 3] of} o| 3} 4,338] 4,147 
a4 i 9 ; Z 24 i 0 0 2 b 3 a4 47239 £168 
1,007 309 y y , 
497387 1'300 . z z | a | 27] 21) 0] 0} 27] 0| 0| 27] 4200] 4,100 
60 1,123 6 0 0 aj | @ 3} 0] 2] 1] 0| 0} 0| oj 1,700) 1,650 
61 13,955 32 a x z | 2 21 of 0o| of 2] o| o| 2 4,790] 4,627 
62 10,279 27 x x x x 1 010) 0! 1] 01] 0 4,166] 4,100 
63| 1,901,238 | 5,900 x x z | 2 | 202] 152] 04 0 | 202] 0| 0 | 202] 3/000] 2/780 
64| 483,481 | 1,294 x x z | a | 81) 20] 0] 0| 31] 0] 0] 31] 3,600] 3,000 
t t e | o 2} 1] 0] 0] 2] 0} o| 2) 2,125) 2,060 
4 07733 439 x x z | 2 10| 9) 0] 0} 10) 0} 0} 10) 4,310] 4,100 
67 1,072 0 x x z z Li eOl) OF ete COON) Ol wiets7einisss 
68 9/505 72 x x 2 | ¢ i} 1/ 0} of] 1] o| 0} 1] 5,264) 5,088 
69| 217,466 | 1,295 x x z | 2 | 43| 43) 0] 0} 431 0] 0| 43] 3,120] 3,035 
70 3747 | | z z x x 1} 1] 0] 0} 1 0} 0} 414} 5,068) 5,020 
al 1,361 27 x x x | 2 2} 2) 0] of} 4] o| 1] 2] 5,029] 5,022 
72| 62,542 | 300 x z z | 2 s| 8 of of 8 0] 0} 8 2300) 2,225 
73 — 0 x x x E: ie ON er Opel eeOR) sO ueectiad 08s ie40070 
74 y x x x z 1 O10 1 407) 0 1| 2,664) 2,632 
5 500y5 x x x a | 2 i} 1/ 0] of 1] 0] 0} 14) 4,855] 4,538 
a 
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EXTENSIONS 


Extensions were numerous in West Texas during 1936. Winkler 
County, with 416 completions, was the most active county in the district, 
and Ward County followed with 338. As a result of these tests, many 
acres of production were added to the sandy lime belt running slightly 
west of north and extending across both Ward and Winkler Counties. 
Numerous extensions were scored in Ector County, including extensions 
to the North Cowden, Foster, Harper, Penn and Goldsmith pools. In 
this group, extensions to the Goldsmith area were perhaps the most 
important in the district. Productive acreage for this major pool is now 
estimated at 20,000 acres as compared to the 10,000-acre estimate made 
a year ago. Extensions were also scored in the Means and Fuhr- 
man pools in Andrews County, as well as in the- McCamey pool in 
Upton County. 
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, . Character of Oil, Approx. 
a & 
Oil Production Methode at End of Pressure, Lb. per Sq. In. ‘Average during 1936 Charseter of 


Gas, Approx. 
— Avene oT 
Number of Wells ar agton End bk Ag 
i 3 #1 Initial i 
a 3 ‘a & g g Be e % 3c 
2 nae at eae Ee 1935 | 1936 as S = 
ale) eles] a aa GES) y| 23 [Sas 
a] os $|4|3 6 3 |S <ie*| 8 | ao | S49 
48 0 9 0 0 0 0 zr x z2iyiy {39 ly 
49 3 1 0 0 0 0 z 2 FJ y y |28 ly M : : 
50 9 8 0 0 0 0 F r y 28.1ly M 7] y 
51 97 2 0 0 0 0 | e1,640 |e1,528 |e1,407 |34 |30 |32 |1.5| M 1,100y|} 1.5 
52 ll 1 0 0 0 0 x z z |37 |30 |84 |0.7| M x x 
53 0 1 0 0 0 0 x x z |35 |35 (85 |0 M 2\. 2 
54 0 1 0 0 0 0 x Ea z |19 {19 |19 |1.15) M 1,097 | 0.15 
55 6 6 0 0 0 0 | e1,485 e880 y |34 |30 (32 |y M y 0.5 
56 1 2 0 0 0 0 x a z |387 137 (37 |y M y| oy 
57 0 0 0 0 0 0 x x y |29 |29 |29 ly M y| oy 
58 22 0 0 0 0 0 | e1,700 4680 |e1,657 {31 |31 (31 ly M 603 | y 
59 27 0 0 0 0 0 | e2,000-+-| e2,000+-| e2,000+-|39 (37 |38 |1.3} M z| 2 
60 0 0 0 0 0 0 £ z z 81 (31 (31 ly M Ca me 4 
61 0 2 0 0 0 0 x x z |30 |29 |30 ly M yloy 
62 0 1 0 0 0 0 z 500+ y |86.2/35.8/36.0/2.0 | M Ack 
63| 202 0 0 0 0 0 }e1,100 | e1,100 1,000y |37 |35 |36 ly M =|, 2 
64 31 0 0 0 0 0 | e2,000+-| e2,000+-| e2,000+-|38 |36 (37 |1.5] M ylou 
65 0 2 0 0 0 0 x 2 ziythy M 
66 4 6 0 0 0 0 z £ y |87 (35 36 : M : : 
67 0 0 0 0 0 0 2 z ziytlty {26 ly P El eae 
68 1 0 0 0 0 0 £ 0 eiyviiy (33 
69 42 1 0 0 0 0 y 0 y |28.5/25.5/27.5 
70 1 0 0 0 0 0 x 0 ziyiy {382 
71 1 0 0 0 0 0 | 2,000+ 0 y iy iy |24 
72 8 0 0 0 0 0 2 0 y |84 |84 |34 
73 0 1 0 0 0 0 2 0 ziyiy isl iy M 
74 0 1 0 0 0 0 x 0 We) ae loa 
75 1 0 0 0 0 0 z 0 vy iy iy {28 
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DRILLING AND Propuction ACCOMPLISHMENTS 


There was a marked increase in rotary drilling during the year in 
West Texas, brought about largely by the increased activity in the 
northern part of the Permian Basin, where the greater depth to the pay 
and softer formations have been conducive to rotary drilling. Cable 
tools are still used almost exclusively at Yates, McCamey, etc. Shooting 
or acid-treating, and often both, continue to be regulation completion 
practice in most fields in West Texas. The important part played by 
acid treatment in the development of West Texas fields is well demon- 
strated in the McCamey district, many of these outside the productive 
limits of the McCamey pool, as defined during its original development 
before the use of acid for increasing lime porosity, had been evolved. 

Conservation of reservoir energy is one of the most important prob- 
lems within the realm of the production engineer. During 1936 several 
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Producing Rock nee aa ties 
~o 
Lao lid 
a8 
ih Thiske § pe Depth of 
Char- | Poros- ickness,| Struc- | Q po epth o 
& Name Age acter? | ity* | Average | ture? | + 3 2 Name Hole, Ft. 
g in Feet 5 Bs 
a 25 
EI 25a 
' v4 
4 
48 | Yates sand Per fs) Por 10 M 17 Per 38,511 
49 | Pecos Valley sand Per § Por 5 M 5 Per 1,675 
50 | Big lime Per D Por 2Qby A 3 Per 5,088 
51 | Big lime Per DS 19.1 30 A 0 Per 4,627 
52 | Big lime and Tubb pa Per D Por 50 AD 5 Ord 6,450 
53 Simneont a Ord LS Por 100+ AD 1 Ord 6,450 
54 | Big lime Per D Por 10 A 0 Ord 8,041 
55 | Big lime Per DS 16.5 10 DA 3 Per 4,702 
56 | Big Lake lime Per DS Por 10 A 0 Per 4,338 
57 | Big lime Per DL Por 30 A 0 Per 4,509 
58 | Big lime Per DL Cay 20 A 0 Per ae 
59 | Big Lake lime Per DL Por 30 A 2 Per rest 
60 | Big lime Per DS x 10 A 10 Ord F 
61 | Big lime Per DL Cav 5 A 0 Per 4,804 
62 | Big lime Per DS Por 30 A 0 Per oe 
63 | Scarborough sand Per Ss Por 8-35 AM 0 Per 3) 
64 | Yates sand? Per 1 LS Por 30+ AD 3 Per 4,46 
Big Lake lime 
Big lime Per DL Por 7] A 0 Per 2,125 
68 Big lime Per DL Por 30+ A 0 Per meee 
67 | Yates sand Per BS) Por 10 By 4 Per Het 
68 | Big lime Per DL Por 5 N 0 Per oe 
69 | Big lime Per DL Por pu) A 2 Per nee 
70 | Big lime Per DL Por 20 oy 0 Per Ss 
71 | Big lime Per DL Por 10+ A 0 Per es 
72 | Yates sand? Per 8 Por 15 A 1 Per as 
73 | Big lime Per DL Por 2 z 0 Per oe 
74 | Big lime Per DL Por 4 D 2 Per Ae 
75 | Big lime Per DL Por 5 A 3 Per i 


AP ee ei es 2 Sag ES a a i ee 
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attempts at gas conservation were made. The Stanolind Oil & Gas Co., 
in the North Cowden pool, through the use of formation packers was 
able to bring about large reductions in gas-oil ratios. These wells, 
for the most part, have been shot and only in wells in which the shot had 
been confined to the oil pay was it possible to successfully set a packer. 


TaBLeE 2.—Number of Wells Drilled in West Texas during 1936 
and Total to January 1, 1937 


Wells Drilled during Total Wells Drilled 
1936 


to 1/1/37 
Oil and Oil and | Grand 
Dry Gas Total | Dry re Total 
1 0 15 15 14 44 58 
2 1 0 1 26 0 26 
3 1 0 1 26 0 26 
4 6 69 75 44 412 456 
5 2 5 7 93 63 156 
6 1 0 1 34 0 34 
7 0 0 0 2 0 2 
8 6 99 105 47 313 360 
9 1 0 1 5 0 5 
10 3 2 5 12 2 14 
ll 3 3 6 26 16 42 
12 4 11 18 72 146 218 
RSW ward 53 Aone otras ie tuiciecindhein Gianin aes tenia ue irate 11 106 117 67 768 835 
14-5| Hudspeth site sian veaptern eile e/oiuuala cg dress oeneiacbe torsion we aseioror ents 0 0 0 12 0 12 
UD Mion a choc sears Seana seals ote mie aie tree alee ame tere 2 0 2 63 17 80 
16.) Jeff. Davis) cis. sew cestacu thei ateeae Mace es ons cre eee 1 0 1 7 0 
47-4 Loving: hy teas. cei dee oe ees nace caesar es 0 6 6 20 93 113 
ADE Oh gil ARR Ma een JARS SAMAR rc enrAn Soumee an. tec ere 0 0 0 6 0 6 
19);|; Martin Ore © ees Seeterc ciesaye iets tis abe w ksavetathe area chee Renee ee eis 1 0 1 3 0 3 
20) Midland -)... ROW. omens titers ce uae ein ercac cect ee 0 0 0 9 0 9 
21 | Mitchell. . 1 1 2 72 136 208 
22 | Pecos... 27 127 154 295 842 1137 
23 | Presidio 0 0 0 8 0 
24)}) Reagan.c4..< Scteanacane eb eee eraser anes 1 3 4 71 318 389 
BB || ROD VON. « ciey's <n ciite.ce weeny teed ttiote oe oe One SEL 2 0 2 49 35 84 
BGT BOUREY Sains cree cts shove tiaras oes ro ate aint aot are ere ET 1 3 4 32 12 44 
27. |'Sebleteher:,. ans a:4actseten net aha te ne Meee ane mere 1 0 1 12 1 13 
2S i Sterling ..; * > oa nce okt ase ohh Gees a cee at oh em nite ae eee 0 0 0 39 0 39 
2B SUCHIN coe Meares sence areas SLE cats aS VEEN tet 0 0 0 1 0 11 
BQ | Derrell sc Secaicatas as auieietie cls apes An eraistived deteeyeet& och ae ast 0 0 0 17 0 17 
BY. Weary eeacevtatese Sect asweeh otis Oren atrc Sie CGR en eae a 0 0 0 2 0 2 
82: ory Green’ sso ssmuasterivaie seabirds tama ceils ose 2 0 2 62 0 62 
BO NU RON ao. «si ate sag ace eatin es. sieve aire aes aman cick ees 18 136 154 84 619 703 
34 | Val pig) Se Rerguatesele niguehiaere. oe Gem yecate ate een. eae Soak ena 0 0 0 20 0 20 


As a rule the packer alone did not shut off the gas, but by lubricating a 
mixture of aquagel and fibrotex down the annular space a shutoff was 
obtained. Records show a reduction in gas-oil ratios from 25,000 cu. ft. 
per barrel to approximately 1500 cu. ft. per barrel as a result of successful 
formation packer shutoffs. The Gulf Oil Corporation, in the Keystone 
field in Winkler County, and The Ohio Oil Co., in the Yates field, have 
been partly successful at least in cementing off the gas pay before drilling 
into the oil pay. It was found to be impossible to cement off the entire 
gas pay at one time, but by cementing several times it has been possible 
to cement off the entire gas section. In one instance at Yates, a gas 
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volume in excess of 100,000,000 cu. ft. per day was completely cemented 
off and the well, upon completion, showed gas at the rate of 22,000,000 
cu. ft. per day on a potential test. 

Attention is called to the following changes in the 1936 production 
tables: The Scarborough-Halley pools take in all the sand pools lying 
between these two pools except the Sayre pool, which was carried as 
a separate pool in 1935; Cooper-Page pool, in Schleicher County, has 
been dropped as indications are that for the time being production in 
that area is not commercial. 
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Oil and Gas Development in Utah, 1936 


By E. W. HEenpDERSON* 


(New York Meeting, February, 1937) 


Ot and gas development in Utah in 1936 added nothing of impor- 
tance to the commercial possibilities of the state and consisted principally 
of efforts to reach objectives in wildcat wells started prior to 1936. 
Leasing activity on structures having oil and gas possibilities in beds of 
Pennsylvanian age or older followed announcement by the Standard Oil 
Company of California that a test of beds of Mississippian age would 
be made on the San Rafael structure. 


DRILLING 


Clay Basin, Dagget County——The Mountain Fuel Supply Co. com- 
pleted a third well, sec. 16, T. 3 N., R. 24 E., on a flank of this structure. 
Total developed open flow of the field is approximately 50 million cubic 
feet and sufficient reserve has been established to warrant construction 
in 1937 of a pipe line connecting with the Salt Lake City-Ogden line. 

San Rafael, Emery County.—The Standard Oil Company of California 
started a wildcat test in sec. 22, T. 23 8., R. 11 E. Circulation was lost 
in a water-filled cavity, in dolomitic limestone, below 2185 ft. and the 
hole conditioned as a water supply for drilling a second test in sec. 27, 
T. 238., R. 11 E. The Carter Oil Co. in 1921 drilled a well in sec. 24, 
T. 238., R. 11 E., which was abandoned at a depth of 3035 ft. after 
testing at least a part of the Pennsylvanian section. 

Cisco, Grand County.—Drilling operations at the Utah Southern Oil 
Company’s test in sec. 33, T. 22 8., R. 22 E., continued throughout the 
year. Information obtained by means of a seismographic survey of the 
area indicated that beds of Pennsylvanian age would be found at approxi- 
mately 2500 ft. The bottom of the hole at 6300 ft. is believed to be in 
beds of Pennsylvanian age but positive determination has not been 
made from the drill cuttings. 

Green River, Grand County.—Test of Glen Ruby et al., sec. 34, T. 218., 
R. 16 E., was abandoned at 2627 ft. as a dry hole after drilling into 
Permian Kaibab limestone. Shows of oil and gas were reported and a 
flow of carbon dioxide gas under low pressure encountered. 


Published by permission of the Director, U. 8. Geological Survey. Manuscript 
received at the office of the Institute Feb. 17, 1937. 
* U.S. Geological Survey, Salt Lake City, Utah. 
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Seven Mile, Grand County.—The Columbia Crude Corporation test 
in sec. 12, T. 258., R. 20 E., at a depth of 2050 ft. is shutting off water prior 
to drilling into objective sands of the Pennsylvanian Paradox formation. 

Punchbowl, Washington County.—A test by Arrowhead Petroleum 
Corporation in sec. 1, T. 43 S., R. 15 W., was indefinitely shut down at a 
depth of 2500 ft. because of mechanical troubles. The company has 
announced plans for drilling in 1937 a test of the Callville limestone of 
Pennsylvanian age on an adjoining structure. 


TaBLE 1.—Oil and Gas Production in Utah 


Area Proved, . : Total Gas Production, 
apes Total Oil Production, Bbl. INGtiiona CNIS 
Field, County 
> 
i To End e . |To End 3 
: $3 Oil | Gas | Total | oF 1936 HS of 1936] 8 | 8 ae 
gc. > S & = 
S49 bo 80 << bp co) 80 80 
f Z eoligiges| | =| 2 | 
Re Bie Aer ere 6é|4|s- 
1 | Virgin, Washington........ 29 | 450 0| 450) 157,2r2) 4,222} 3,222] 10 0.0} 0.0 0.0) 0.0 
2 | San Juan, San Juan....... 27 | 160 0} = 160) 1izrar 50 (1) en!) 0.0} 0.0 0.0) 0.0 
3 | Farnham, Carbon..........| 13! 0 600) 600 0 0 0; 0 680.65) 22.5 36.8] 0.3 
4 | Cisco, Grand >| 122 0 | 2,000) 2,000 0 0 0} 0 |3,128.0] 0.06 0.0) 0.0 
5 | Ashley Valley, Uintah......| 11% 0 240} 240 0 0 0} 60 343.8 | 45.7 51.5} 0.3 
6 | Clay Basin, Daggett. . -.| 94 0 | 2,800} 2,800 0 0 (1) en) 44.8] 0.0 44.8) 0.3 
a BLotalls cn ae 610 | 5,640) 6,250) 168,227] 4,rzx| 3,272} 10 | 4,197.2 | 68.2 | 133.1] 0.9 
1 Discovered April 1923; began producing April 1931. 
2 Discovered September 1924; began producing February 1927. 
3 Discovered April 1925; began producing September 1929. : f 
4 Discovered April 1927; to be connected with Salt Lake City-Ogden pipe line in 1937. 
5 Includes 500 million cu. ft. estimated to have been wasted while drilling discovery well. 
6 Shut in since February 1931. 
a Oil proate 2 a ga of 
‘ . epth, Average] tion Meth- ressure, Lb. per il, Approx. 
Number of Oil and/or Gas Wells in Feet ods at End Sq. In. 4 Average during 
of 1936 1936 
Durin; Number Average at | Gravity A.P.I. 
1936 se cetind of Wells End of at 60° F. 
Cora |e |e s eee) Ses Bota ity ‘TG é 
pleted toms | of Pron en aoe 
Blond of 3 )EE PO RRR nde oes 
nd o} 5 oo 20 
E ns ee a ce a3| 42 | Walla:| (2s) Soles 1935 | 1936 : Ee 
ea = 2 | 3 3 33 a g 2 4 a8 
2 g a3 |Sa|53| 8 a | 3 a | a lee 
3 8 | a | aa |£5) £5) e4 z | 3 3 | |g< 
4} 53 3 6 15 14 oj; 14 6657 6637 | 13] 18 0 0 0} 88} 24] 34 
2 9 0 0 1 0 0 0 200 194 1-0 0 0 0} 40} 39] 39 
3 2 0 0 0 0 1 1 | 3,114 | 3,093 0} 0 750} 620] 600 
4/ 10 0 2 8 0 8 8 | 2,174 | 2,056 0; 0 750) . 326) 325 
5 2 0 0 0 0 2 2] 1,675 | 1,665 0| 0 580} 230] 200 
6 3 i 0 3 0 0 0 | 5,800 | 5,700 0] O° | 2,250) 2,250) 2,250 
Kea beta’) 4 8 27 14] 11] 25 14] 1 


4 Footnotes to column heads and explanation of symbols are given on page 291. 
7515 to 815 ft, depending on position of well on monoclinal structure. 
8 Pumping under vacuum. 
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PropuciInG FIELDS 


Carbon County—At Farnham field, T. 15 S., R. 11 E., the capacity 
of Carbon Dioxice & Chemical Company’s plant was increased to 
25 tons daily through installation of additional equipment and improve- 
ment in procedure of purifying and processing the carbon dioxide gas. 
Car-lot shipments were made to various points on the Pacific Coast. 


TABLE 1.—(Continued) 


Soap pe of meg fe of = tee 

il, Approx. |Gas, Approx. . eepes' ne Tes' 

Average dur-| Average Producing Rock to End of 1936 
ing 1936 |during 1936 


~ 
Gal. EE: 
B.t.u.| Gaso- .3 mS 
a 
by Basee | Bir ~~ Name Agel ae ait Name 
2S Cu. | per % a. sts 
E 4 Ft. |M. Cu. Bl 2 [Sol & [2k o ee 
BS Ft 3\2 la] 3 |Bs8e eo 
Z| 2° B| 3 |G] 3 q28 ag 
o as S| 2 1s > Zz Sa ao 
a) é| 2 3-| 2 255 Bs 
1}, 100:)7 2: Kaibab-Moenkopi Cont. | Per or| L] Por| 2 | MC] 75 | Per Coconino-Supai | 2,195 
or upper Kaibab Tri 
2 24; M Goodridge Pen | S|Por| 6] S | 116° | Pen Hermosa 3,663 
3 CO2 Coconino Per S| Por| 21 | AF 1 | Per Kaibab 3,235 
4 1,080} 00 | Dakota Morrison CreL | §| Por| 15 | D 3 | Jur Kayenta 3,045 
5 980} 00 | Morrison CreL | S| Por} 10 | AF 3 | Jur Nugget 2,720 
6 1,100} y | Dakota CreL | S| 18 | 40} D 2 Jur Sundance 6,790 
rf 1 


9 Includes assessment holes. 


TaBLE 2.—Summary of Drilling Operations in Utah 


Important Wildcats Drilled in 1936 


Location 
Total Deepest 
County “poupll Melua a rap roe ss Hortson Drilled by Remarks 
t. Tested 
Sur- | Lat. | Long. 
vey 
1| Emery} 27 | 238.|11E.] 1600 | Per Coconino | Pen Hermosa | Standard Oil Co. Drilling well. See 
text. 
2}Grand.| 33 | 228.|22E.| 6300 | Upper Jurassic} Pen Paradox(?) _ Southern Oil | Drilling well. See 
0. text. 
3|Grand.| 34 | 218.| 16. | 2627 | Upper Jurassic] Per Kaibab Glen Ruby et al. Dry hole. See text. 
4|Grand.| 12 | 265.|20E.| 2050 | Per Rico Pen Paradox Po Crude Oil | Drilling well. See 
orp. text. 


In Proven Fields | Wildcats 


Number of wells drilling Doo..31;1086. 4.5 2..4.0ce. warctesiaeycceuegsn tetera 
Number of oil wells completed during 1936.............cc0cececuceseseeese 
Number of gas wells completed during 1986...........ceeessqeeeeeeseccces 
Number of dry holes completed during 1936.............0.cccueeeeeuceeees 


corwrp 
noon 
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Grand County.—At Cisco dome, T. 20 S., R. 20 E., the abandonment 
work that will result in all wells in this field being plugged and abandoned 
was started in 1936 and will be completed in 1937. 

Washington County.—At Virgin field, T. 41 8., R. 12 W., three shallow 
wells, average initial production about 8 bbl., were completed within the 
productive limits of the field. A number of exhausted producing wells 
were plugged and abandoned. 
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Oil and Gas Development in West Virginia during 1936 


By Daviy B. Recer,* Memper A.I.M.E. 
(New York Meeting, February, 1937) 


Tue year 1936 in West Virginia was characterized by increased activ- 
ity in natural gas. The number of actual completions was only slightly 
increased but many more wells were drilling than at the end of 1935 and 
there was almost feverish activity in taking new leases. This pronounced 
revival is partly due to the fact that the extremely cold winter of 1935- 
1936 showed that additional supplies of gas would be desirable and partly 
to the hope of finding new pools in the deeper sands. No new pools have 
actually been found, but the Oriskany sand (L. Dev.) development of 
Kanawha County, which was already assured by the end of 1935, was 
greatly extended into wider and richer territory. The Middle Devonian 
shale (Childres sand), reached incidentally by Oriskany exploration as 
well as by direct design, has been productive of gas in much wider areas 
of Boone, Lincoln, Putnam and Kanawha Counties than heretofore 
known. Routine drilling to the upper sands in defined territory, also, 
was greatly increased, although not yet much reflected in comple- 
tions. The supply of marketable gas, however, has been substantially 
enlarged. In preparation for further exploration there has been an 
extensive leasing campaign throughout the entire territory where gas 
seems at all probable, or even possible. Exact figures are lacking, but 
new leases have certainly been taken on more than 1,000,000 acres. One 
operator estimates that 500,000 acres have been leased in the Appalachian 
geosyncline alone between Parkersburg and Charleston. Exploration, 
both for shallow and deep-sand gas, on some of these new leases is now 
under way. 

There was little activity in oil. No special search for new pools 
was made and none was found, but the usual routine drilling in old 
pools occurred. 

One major gas pipe-line enterprise was undertaken and completed. 
Operating technology was much the same as usual. In certain localities 
repressuring for oil has become a matter of routine, and in others the 
use of acid in treating small wells in calcareous beds has been continued. 
Financially, the year has been eventless. Some attempts to buy and 


Manuscript received at the office of the Institute Feb. 11, 1937. 
* Consulting Geologist, Morgantown, W. Va. 
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consolidate existing properties have been made but few such changes of 
ownership have been concluded. 


New DE&vVELOPMENT 


In 1936 the State issued 832 permits for drilling. A record kept by 
the writer (Table 5) shows 734 completions, with 141 oil wells, 461 gas 
wells and 132 dry holes. One trade journal reports 718 completions, 
and another lists only 599, the latter figure being obviously too low. It 
is certain that about 100 more wells are drilling than at the end of 1935. 
The 141 new oil wells supplied 1600 bbl. per day of new production, as 
compared to 2028 bbl. from 156 wells in 1935. The 461 new gas wells 
made available 554,119,000 cu. ft. of new gas per day, as compared to 
255,485,000 cu. ft. from 417 wells in 1935. 


TasBLe 1.—Oil and Gas Territory, Reserves, Production and Wells in West 
Virginia as of Dec. 31, 1936 


Or AND GAs TERRITORY AND RESERVES 


Proved and Probable Acres Reserves 
Held by Leases, Acres} Probable Territory 
(Probable and Improb-| Not Held by Lease, 
able Territory) Acres Oil Gas Oil, Bbl. er hae me 
5,000,000 250,000 750,000 | 2 500,000 | 96,000,000 | 7,000,000 


OL AND GAS PRODUCTION 


Average Oil mae A > G 
Year Oil, Bbl. Well Daily, Geter ae Well Daily... 
Bbl. ? Cu. Ft. 
Mercia We(a tl LES Oey oy ieee Ie 399,092,000 6,046,312 
ID XURaayesed MOS 5h ieee coil 3,903,000 113,160 
DWiurinewLlOSGs abn. |e Ts 3,832,000 0.56 125,000 + 26,548 
NuMBER OF O1L AND/oR GAs WELLS 
Completed during 1936 At End of 1936 
Completed to End of 1936, 
Ne ace Oil Gas Oil Gas 
61,200 + 141 461 18,700 + 12,900 + 


Principal Areas of Activity 


In Boone County 50 wells were drilled at widely scattered localities, 
resulting in 43 gas wells with 17,052,000 cu. ft. of new production. No 
oil was found and only seven wells were dry. A considerable amount of 
the new gas is from the Middle Devonian shale. 

In Cabell County no oil was found but there were 79 gas wells out 
of 86 completions, with 131,783,000 cu. ft. of new production. A large 
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part of this gas came from an extension of the Big Injun sand (L. Mis.) 
development near Saltrock, McComas district, where 50 wells accounted 
for 113,143,000 cu. ft. of new production, averaging 2,262,860 cu. ft. per 
well. To a large extent the other 36 wells of the county had shale gas. 

In Calhoun County the drilling was widely scattered, resulting in 
11 new oil wells and 34 gas wells, with perhaps average results. 

In Clay County 10 wells out of 18 completions had oil, with 143 bbl. 
of new production. All these were in the old Big Injun sand develop- 
ment of Henry district. Seven other wells had gas. 

In Gilmer County 10 wells out of 46 had oil, with 124 bbl. of new pro- 
duction; and 26 wells had gas with 9,076,000 cu. ft. of daily flow. 

In Kanawha County the principal activity has been the drilling for 
gas in the Oriskany sand (L. Dev.), mainly in Elk, Loudon, Malden and 
Poca districts, as will be hereinafter detailed. 

In Lincoln County 39 wells were drilled, two of which were dry and 
37 of which had gas, principally in the Berea sand (L. Mis.) and the shale 
(M. Dev.), with total open flow of 11,712,000 cu. ft. Several of these 
shale wells are in the vicinity of McCorkle, Washington district. The 
productive territory also extends into Washington district, Kanawha 
County, and Scott district, Boone County. 

In Logan County seven wells out of eight completions in Logan dis- 
trict made gas, principally in the Big lime (L. Mis.) and Berea sand 
(L. Mis.), with total open flow of 21,321,000 cu. ft., or an average of 
3,047,143 cu. ft. per well. This development appears to fully prove 2000 
acres or more of territory that previously has been somewhat doubtful. 

In Putnam County several good gas wells have been drilled to the 
Devonian shale in the vicinity of Nitro, Pocatalico district. A consider- 
able development at this locality appears probable. 

Ritchie County led the state with 113 completions, 36 of which were 
oil wells with 760 bbl. of production, and 39 of which were gas wells with 
30,160,000 cu. ft. of open flow. The other 38 wells were dry. The new 
gas wells are principally in the Salt (basal Pen.), Keener (L. Mis.) and 
Big Injun sand (L. Mis.), but there were two successful Berea sand (L. 
Mis.) wells on the Burning Springs anticline in Grant district where this 
sand has not been extensively prospected. Two Keener sand wells in 
Grant district had a combined flow of 15,000,000 cubic feet. 

In Roane County 11 small oil wells and 45 gas wells were drilled, 
the combined production of the latter being 59,636,000 cu. ft. Of these, 
14 were Salt sand (basal Pen.) wells along the Flat Fork anticline in 
Harper district, with total flow of 49,092,000 cu. ft., or an average of 
3,506,586 cu. ft. per well. The locality was opened and partly proved 
many years ago, but had been incompletely drilled because of various 
failures. Its present revival illustrates the desirability of more complete 
drilling in many similar situations. 
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In Upshur County, which is on the southeastern edge of the gas fields, 
9 gas wells out of 11 completions were successful. Eight of these were 
small producers in the Benson sand (U. Dev.). 


Oriskany Sand Activity 


At the end of 1935 the completion of one oil well and 15 gas wells in 
the Oriskany sand (L. Dev.) in Kanawha County east and southeast of 
Charleston gave assurance of an interesting and valuable new develop- 
ment. In 1936 there were 54 completions through the Oriskany, 45 of 
which had Oriskany sand gas with total open flow of 204,395,000 cu. ft., 
or an average of 4,542,111 cu. ft. per well. One of these wells, in Elk 
district near Clyde, also had some Oriskany oil. Several of the nine 
other wells drilled through the Oriskany were commercial producers in 
the Middle Devonian shale or in higher sands... The Oriskany wells vary 
in open-flow capacity from 100,000 to 15,000,000 cu. ft. and in rock pres- 
sure from 1200 to 1900 pounds. 

This development, as now shown by the maps and well records, is 
partly along the northwestern slope of the Warfield (Chestnut Ridge) 
anticline, which has a northeast-southwest axis, in Loudon and Malden 
districts southeast of Charleston; and partly on the axis and western 
slope of the Milliken anticline, which has a north-south axis, in Elk and 
Poca districts east and north of Charleston. 

The presently productive territory is included within a rectangle of 
which the extreme length from north to south is 18 miles and the outside 
width from east to west is about 6 miles. The included territory would 
contain about 108 sq. miles, or 69,120 acres. Much of this territory is 
not yet proved, but none of it is definitely condemned. The fully proved 
area is approximately 11,000 acres. Reliable unit figures on production 
are not yet available. Estimates vary from 3,500,000 to 5,000,000 cu. ft. 
or more per acre. 

A pronounced peculiarity of this development is that salt water has 
been found in two or three wells on the axis of the Warfield anticline, 
and that the wells farthest down the northwestern slope of this anticline, 
and farthest down the western slope of the Milliken anticline, have the 
largest volumes and heaviest rock pressures. Such a situation indicates 
the possibility of an oil pool slightly farther northwest toward the Appa- 
lachian geosyncline. 

In northern West Virginia, with the exception of Doddridge County, 
no Oriskany sand tests have been completed or started in 1936, but the 
discovery of 500,000 cu. ft. of gas in chert slightly above the top of the 
Oriskany in the Heyn No. 1 well on the Chestnut Ridge anticline in 
South Union township, Fayette County, Pa., only 10 miles north of the 
state line, has caused active leasing in Monongalia and Preston Counties. 
The Heyn well, which showed gas and was near completion in August 
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1936, is still unfinished, because the uncased hole collapsed when gas was 
struck and an attempt to clean it out caused deflection of the drill, so 
that new drilling for several thousand feet has been required. In the 
meantime, and in spite of the partly closed hole and the fact that the 
actual Oriskany sand has not yet been reached, the flow of gas continues 
at the same approximate rate. Several hundred feet of drilling will be 
required to reach the sand. 

Tables 2, 3 and 4 show the present status of Oriskany sand drilling 
in West Virginia. Table 4 shows what has been done in Kanawha County 
from the beginning until the end of 1936; Table 2 shows a list of important 
wildcat wells completed in the state in 1936, most of which penetrated 
the Oriskany sand, and Table 3 gives a list of wildcat wells throughout the 
state, drilling as of Jan. 1, 1937, and designed to test the Oriskany sand. 


OPERATING AND EXPLORING TECHNOLOGY 


The use of hydrochloric acid for treating small or run-down oil and 
gas wells in calcareous formations has become standard practice in cen- 
tral and southern West Virginia. Many small wells are saved or revived 
by this method. Heavier shooting of shale gas wells with gelatin is also 
the rule. Such a shot is generally made with 4000 to 6000 lb. of gelatin 
and is designed to affect 400 to 600 ft. of strata, regardless of the exact 
zone or zones where gas has been found. By this method many small 
wells are made into profitable producers, but the usual increase is about 
100 per cent. 

Difficulty caused by freezing in producing gas from the Oriskany sand 
has been largely eliminated by using the Otis removable bottom-hole 
choke in connection with a mixing valve. Oil and gas separators instead 
of drips are being used to remove the distillate from this gas. 

Repressuring of oil wells with natural gas in the old fields of northern 
West Virginia is now practiced over considerable areas, with rather good 
results. The use of air for this purpose has been practically abandoned 
and water has never been employed. 

There has been a considerable increase in geophysical prospecting 
for the Oriskany sand by the vertical reflection method, both in bold 
anticlinal structures and in regions of low structural relief. The presence 
of a thick shale interval of about 2500 ft. between the Berea sand (basal 
Mis.) and the Corniferous lime (L. Dev.), which immediately overlies 
the Oriskany, gives rather dependable results where such a condition 
prevails, as it does in southern West Virginia. 


Pier LINES 


The principal accomplishment in pipe-line activity during the year 
has been the construction of a new auxiliary natural-gas line by Hope 
Natural Gas Co. This line starts at the John J. Cornwell compressor 
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station, near Clendenin, Kanawha County, and extends northward by 
way of Lockney, Gilmer County, and Burnt House, Ritchie County, to 
Hastings, Wetzel County, a total distance of 95 miles. From Cabot 
Station, Calhoun County, a new 1234-in. feeder line, about 15 miles 
long, joins the main line at Burnt House. From Hastings the gas is 
carried into Ohio and Pennsylvania by existing lines. The main line, 
which was begun in August and completed late in the year, is of 1234-in. 
outside diameter, with a capacity of about 40,000,000 cu. ft. per day at 
normal pressure of 300 lb. The pressure may be raised later to increase 
the carrying capacity of the line. The pipe is of seamless steel and all 
joints are electrically welded. A new feature of the enterprise is a calcium 
chloride brine dehydrator installed at the Cornwell station. Here the 
gas is first compressed and cooled to 60° F. and then passed into the cal- 
cium chloride brine, which has been previously chilled by ammonia 
expansion to 25° F. After this washing process the briné is removed by 
distillation, leaving the gas practically free of water. 


TaBLE 4.—Oriskany Sand Wells, Kanawha County, W. Va. 


Completed before 1936 Completed in 1936 
Num- 
. . Gas Wells Gas Wells Grand Welle 
a ee oeyin| Zotat| | pry in] ota | Nee] Dri 
Oris- | Num. yr) Ores | oa Welle | clan. 
beret | Curie. | €8¥ | Wats | beref| curte. | #9 | Wats 1937 
Wells | of Gas Wells | of Gas 
Big Sandy.......| 0 Ode Oe MLO a0 0 tte hot 4 
Cabin Creek..... 0 0 2, 2 0 0 0 0 2 0 
Charleston....... 0 0 il 1 0 0 0 0 1 0 
Ue Re eee eee 8 14,219) 1 102 | 17 92,832) 4 21 Sil 20 
Jefferson........ 0 0 1 1 0 0 0 0 1 0 
WOU OD sauiem fais 2 3 1,903} 2 5 4 1,800} 2 6 11 0 
IMaldene eran as: 4 12,395} 1 5 15 35,576) 2 17 22 10 
OCHA oreo doe | gO 0 0 0 9 74,187} O 9 9 i 
inion emer ie | a0 0 0 0 0 0 0 0 0 2? 
Washington...... 0 0° 0 0 0 0 0 0 0 0 
rhotalpres asia. 15 | 28,517) 8 24 45 | 204,395; 9 54 78 55 


2 Includes one oil ell. completed in 1934 with 158 bbl. daily production. 
> Both shut down. 


STATISTICS 


A previous paper by Smith! shows a subdivision of the state by fields, 
and a paper by the writer? gives a classification by producing areas. 


1V. C. Smith: Oil and Gas Production in Kentucky, Ohio and West Virginia. 
Trans. A.I.M.E. (1934) 107, 229-242. zie, : 
2D. B. Reger: Oil and Gas Development in West Virginia during 1934. Trans. 


A.I.M.E. (1935) 114, 457-469. 


536 OIL AND GAS DEVELOPMENT IN WEST VIRGINIA DURING 1936 


These subdivisions are somewhat arbitrary and mostly a matter of opinion 
because of interconnections, and there is no record of production by such 


boundaries, or even by districts or counties. 


A repetition of these tables 


TasLe 5.—Summary of New Development in West Virginia during 1936 
REAR RRS phere: MMRDe I GEE! BIOS TR 


Oil 
County Wells Dry 
Drilled | Num-| Bbl. | Num- Holes 
ber of per ber of 
Wells | Day | Wells 
Boone)..g.0. cease ee Coe peat ee 50 0 0 43 17,052 7 
‘Braxton’. 6. Yost Fes ok eee ere eee 6 1 35 5 11254 0 
Cabelleiit... AOR aae eae cose 86 0 0 79 | 131,783 76 
Calhounn’.2:440% Seaskiet seo eee ee 57 11 | 108 34 | 22,808 12 
Of eRe Nts rch eee SF 18 10 | 1432 7h 4,504 1 
Doddridge... -ewlas, ert ene aren iaeeerene 8 1 5 3852 3 
Payette crn vicious st cmvcke Make aamtene ers 2 2 1,141 
Gilmer 2eo oe cteccisle dete Oe ee ere 46 10 | 124¢ 26 9,076 10 
Hancock..5% 3k sepia: bck nae ee 74 7 25 
Harrisoni..cienuttncec cease aekiate 6 6 2,000 
EY '<-(0) Ey ep tc te, mae e 3 3 36 
Rana wih. 4. csc croe eee aoa 83 8} 422 64 | 209,353 11 
LewisicBeane pil och i6 tidus ois Rta eee ae 6 3 465 3 
TEemncoln yee) See Toad tee len s a ee 39 37 11,712¢ Z 
Logan 5 WR. As scis he sce eet ee 8 7 21,3212 1 
Marion ::2:,..ceoere sas Guero ene ae ene 14 2 3 9 3 
Marshall i 52) 02 Sa sade deg cede oie is" 3 34¢ Aud. 1 
Mingo 2a cacia aig oatie igs th ere eee 1 1 
Monongalia. fi¢ 0 cnte ciate inc tall tee oes 11 2 5 fi 2 
Pleasants. <340.. ae pheruteeter ne «eee 28 13 29 3 12 
Putnam a an coc pas pies eee oe i 2 2 
Raleigh soa cc sane snes phate ere cisenseget 2 2 
RAtGhic. actos. wire ae Peete, es 113 36 | 760° 39 38 
Rosnett see cugcsn ice Ce ee 45 11 75 22 12 
Taylotee ccs enunine wk caetoae 1 1 
Try ler acs, itive ards SCee beeen coe 10 4| 28 4 2 
Upshur 11 9 2 
WATRG ie cecbinie ick. os Oho eis be ae 15 1} 25 13 1 
Weil 2a le aL eee 26 g8| sie | 16 | 12,882¢ : 
WATGae ero ae OS ct coer canine Tate ieee 15 5 27 3 6554 
IW GOC re rueic icra rsten ccm rotten Lac tees 9 6 19 it 300 2 
Total cascmetannlaoh eee noe ree ae 734 141 {1600 | 461 | 554,119 132 


« Several wells unknown; assumed same as county average of known wells. 


would be of small value. 


A further paper by the writer® gives an opinion, 


or estimate, of oil and gas territory and reserves, and statistics on pro- 


duction and wells as the end of 1935. Table 1 herewith shows this 


5D. B. Reger: Oil and Gas Development in West Virginia during 1935. T'rans. 


A.I.M.E. (1936) 118, 425-432, 
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information as of the end of 1936. The first section of the table, on oil 
and gas territory and reserves, represents the judgment of the writer 
and may not agree with the opinions of others. 

The second section, on oil and gas production, may be regarded as 
fairly accurate, except that no allowance is made for gas that has been 
lost incidentally to the production of oil and lack of gas markets in the 
early years of the industry. This loss, which has been very small in 
the last several years, has been estimated by the writer as 2,750,000 mil- 
lion cubic feet, and if added to the captured production would give a 
figure of 8,796,312 million cubic feet. During 1936 the extensions of old 
pools and the assurance of added production in deeper sands have equaled 
or perhaps slightly exceeded actual production and hence the figure of 
7,000,000 million cubic feet as the pipe-line gas reserve of the state is the 
same as for the end of 1935. 

The third section, on number of oil and/or gas wells, is an approxima- 
tion, based on the best available information. 
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Oil Development and Production in Wyoming in 1936 
By E. W. Kramprert* 


Tue oil industry was very active in Wyoming in 1936, in contrast to 
the several quiet years preceding. Production for the year again 
increased about 7 per cent, following an 8 per cent increase in 1935. 
During the year, 85 oil wells were completed, compared to 55 in 1935. 
Three gas wells were completed in 1936, and three in 1935. At the end 
of the year 45 wells were drilling, as compared to 55 drilling at the end 
of 1935. Two new oil fields and one new gas field were discovered in 
Wyoming during the year. 

In the year 1936 Wyoming produced 14,475,431 bbl. of oil, a gain of 
1,001,081 bbl. over the 1935 figure of 13,474,350. This increase, in the 
main, was due to the taking of light oil from the newly developed Sun- 
dance sand pool at Lance Creek, and from the new fields, Quealy and 
Medicine Bow, which contributed their first production this year. Most 
of the other old fields either were partly shut in in competition with the 
new fields, or showed a normal decline. This was especially noticeable 
in the black-oil fields, where production had been slowly but steadily 
increasing for a number of years. During 1936 black-oil production 
decreased approximately 100,000 bbl. as compared to 1935. The only 
black-oil field to show marked increase was Garland, which managed to 
take the market from less favorably located fields. The production of 
Wyoming in 1936 was 11,358,757 bbl. of light oil and 3,116,674 bbl. 
of black oil. 

Salt Creek, with a production of 6,015,000 bbl., is still the largest 
single oil-producing field, accounting for 42 per cent of the year’s total 
production. Lance Creek, an old field, with newly developed produc- 
tion in the Sundance sand, reached second place this year for the first 
time in its history, with a production of 1,878,486 bbl. Lance Creek 
production will almost equal that of Salt Creek in 1937, if the present 
rate of production is maintained during the coming year. 

Oregon Basin, a large black-oil field, held second place in 1935, but 
owing to a greatly lessened demand for its production, dropped back to 
third place in 1936. This was in part due to greatly increased light oil 
available, and in part to the greater supply of black oil available at 


Manuscript received at the office of the Institute March 11, 1937. 
* Consulting Engineer, Casper, Wyoming, 
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——_——— EE eee eee eee 


Area Proved, 
Acres 
Age, 
Field, County Years 
to End 
of 1936 
af : 
E ot | Gase" 
a 
& 
5 
Me AL Ra StL NE RENEONE: Sorts es Mie eee oe ores oe ec tia a See clove acc triad 8 40 
oa allele Lake WC OTUOTons 1.0m ae eet eV eh ate ee te ele Mee occas net cM ndecatrotietrs 3 0 0 
Om PATG HIS NAODNGTE. asec d lensesieen.cceoe ncas cclens als 9 40 0 
4 | Baxter Basin, Sweetwater............... ie 0 
5 Tey t en oi oes ee eyo Reel GRRMe Gemet Pitts ec eRe ou EERE eres ae Ee Re 14 0 0 
6 Dao Gate PEEL Sat Renrata ey reer, tees, pn mer EP ES Ok 14 0 0 
7 BL OUR EE sous sieee cs ai oN cies etss SRE Gren MMS Amina Gai sA ci Mats anistas 14 0 0 
BAPE AURER BASEN POLK! celts) acts Gieiops de ee aia sieiaie Mee et ye aioie som a ea eau aysreNO re 6 300 0 
6 Big mee Converse SRI i SA ee, SR ee NE, ag Slate ees Piso eae 
ETC) NAR oerribteto ae toad 1 CEES oe RIS. CRE CIC RCIGI Oc DCP ICR OER CRIS tia tere 20 2,00 
11 Wall Creek 20 2600 
12 TOOL 3 neo GS. ntoo, Coo bk OES Gol ite abe oH aoe cer hiroomon merce ame 14 400 
13 NGS IIB 5 Sn a Sears hele RNR NE Sc ee ee a ee oe RT 20 2,600 
14 | Big Sand Draw, Fremont 
15 Wall Creek 19 
16 noe Fe AG. 00 SEUTO Es Bats COU A OED SCT SOG TRIG cect IES ere Te wa arene fen 6 
17 TOE ters ou co gan mEaTiO oR es AREA Ga ae chins] BEERS ee Me oe 19 
18 | Billy Crack, Johnson 15 
19 | Black Mountain, Hot Springs 
20 11 60 
21 13 300 
22 13 300 
23 
24 16 50 
25 16 50 
26 16 50 
Die MES OGIO OI VGUT OTE ee otess sexe toot eee Sebo ecc aT aac oPt Sie, Sic ayetereca polose’e aca S108 nists eT lai sol aye ais 16 0 0 
Bs Bk. Tei ononapooodD bec ube S300 snob ot BeUHgoDS oqonNeab aoa obeNt sa0eeD psd 
29 IEOMtIORT: wire ttetss sie Petolerctereeiers wisi caine rere eclereh cen e EavIa\e lois sty essidyesois ays) eisleseeteisinela Mies 14 
30 Sundance........ se heooee 7 40 
31 Embar-Tensleep.... A Re, NR ae 4 2,950 
32 POtAL SER en tee ice rise eee cine idan ote nea cee tee ea va enaies Bycks 14 2,950 
SoM LO IEGLOM ES OMONE rae 5. Sete acid Male e oo eRe chick ere referer ate trsucyoie erase ores ysis yesoners eve sie ats 13 250 0 
SAaEDallasiDerDy al vemont son nec cGcec eae ne aac cine oi eaeiis. nia slen one ointn, Sapeatenia® Sons 53 350 0 
35 Dutton (Orla CPU oe Ba eons ae toa eRe Oe A Decor TORE Sse pert fea x 
36 SHAUN OM MART PT Pe NCEA Berd cree eset Conk ey aamieke eka spranasatacts oly ecwishereliie recar seh acts 10 
QTM PDULtor Creek CANDON ».Yeccieiye cc eas eine ae apiece MS we viel ees wine SevnvelaferAaiens s1acpo¥ 
38 IT OGEL, .aeiae Carbone sbach dG 6 Ros Aboot OF bcd Fae Ane oc MR aR aD OREN TS Ae 10 150 
39 OLGA Sie Baers eae barca aes cerita hte ninee MeN ca a's gina aha alee es 10 150 
Abel RaserAllondl ket CrerOrey eecctee ciectecke clade ara oieisite oierease level sys! disbeTs ala! S-arozals oi s:oloroce\ass 0 
41 | West Ferris, Carbon 
42 LOE RIO GR S Sr SRI Bono Ofetbans otic Gu eeo 5 cio Goria oo oD ne Heme nan atiad Arcana 15 
43 SMM ances ees cacy eee eat hi tocccpet SE IA ORD COSA U SRILA 6 METRO 11 
44 CRE se ee Ronoll Geb oSety ap ape eet ce oT GOR Coie ca Dene beat an 15 
AS | Sa Ns: WORDEN IG) CL GENS ama ncootes oa neec cb: GOO UHL Se On UaABOCEnoTUSC EOD con ae 13 
INS |IDSUS Hi of Uig ds deseo oye Reo oct BOBS OSee ook 6 oC BURNODe Ont > DNB Bape anne 
47 Rvontier Renee et acne ee tae ae ee Oe eee re Go niet 21 580 
48 ID SRGUG\.. Seiaiep abo Cohn alu S RO ao nS BE Ban Gs FORD EOn CORD Ont a Meh Sane oer ike 15 
49 URLOR Ell aro Be elcn ene iO atch ces tetas em PRT OC ISTCRLASTO TS RCRA aE Re air 21 580 
Gin Joie Chess ER Sia: odeten: ede oaie Eden moro su sna On Oe Ihaer an nop Cuenca 13 
iii, [IRN GOT: aaceek con muabre Ober Ab aon ati bodobe dicta Since ynmaen ita eran ne ice 19 200 
52: |/Four Bear, Park. . 22.22.06 .0uee eee e etter ee bene e ste eens eee nents secret nee ses 8 500 
Eh |) a ays AiG) aon ooade sone ApOUCUR Onn oae= aoapLAtbrd o 0gdc0edee 4 AO rKEas Aan TOHD Ane 
54 ARSC OCW hod attees SORE ORDO GEVOC.A be nde Un ag CO ORTOd Tan Hears au oO KG 8 500 
55 IM ENTE, 9 cos cept hie Cole 0:0 Gi ca Rh re LO Ee Re ONO See TORSO OE “cee ONS CCIE 7 10 
56 HRC io Oe, GOO Belt cam cite Chic sia tg CURR ern Ok sor SPI RE ean ere 8 510 
57 | Garland, Big Horn Park........... 0.000 ce esse ee eeeeee eee tee enna 
58 REO ar ain te: a ee RAE Bien, REO NS aig. sn is 29 40 0 
59 IDSA ati iis petois Meo nel od roeto mieten OS REDO s UGE HAD SOS a apee OE Renn mee cae ater 17 
60 1Diri ose Na) Oecay coos anor OBES oF abso ANUS SadoupD damp seamed souonaee 9 160 
61 IW EVIE cece sae dae Ano adgc08e 7a0ULE AStN 3 ADSORB OR tes Sones conic tae 3 1,500 960 
62 29 1,500 960 


a Footnotes to column heads and explanation of symbols are given on page 291. 
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é A Total Gas Production, Millions 
jy OM a Total Oil Production, Bbl. Cu. Ft. 
Pim Maxi- 
4 : verage! To End | During | During | ™U™ 
gs Gas Total oP Mer During 1935 | During 1936 —_— ar 1936 1935 1936 pee 
3 1936 1936 
Z 
o 
4 
A ee 
1 300 300 8,130 0 0 0 0 0 0 
2 200 200 1,504 6502 754 
3 0 40 7,378 0 0 0 
4 
5| 7,467 7,467 5,044 7] y y 
6 4,310 4,310 6,651 y y y 
7| 7,467 7,467 11,695 y y y 
8 0 300 87,370 12,200 14,820 41 
9 
10 2,000 lwerx,cxrx x . x 
li 2,600 23, crz, cre 520, crx 447,222 £ 
12 400 622,200 42,222 70,000 x 
13 2,600 24,771,032 569,000 519,032 1,333 
14 
15] 1,200 1,200 42,2462| 2,750 3,246 y 
16 300 300 0 0 0 0 
17| 1,200 1,200 42,2462| 2,750 3,246 y 
+ 700 700 2,013 300¢ 383 y 
1 
20 0 60 62,202 25,222 15,2rr y 
21 0 300 100,222 40,222 33,r2r2 y 
22 0 300 162,064 65,000 48,564 140 
23 
24 50 32,000 0 0 0 
25 50 1z,crr 0 0 0 
26 50 45,600 0 0 0 
27 300 300 4,048 602 18 
28 
29 500 500 2,876 200 376 
30 40 14,000 0 0 0 
31 2,950 775,338 335,000 283,338 0 
32 500 2,590 789,338 335,000 283,338 1,680 2,876 200¢ 376 
33 0 250 0 0 0 0 
a 0 350 2,297,075 205,000 215,575 625 
5 
Md 800 800 988 200¢ 163 y 
38 150 200,111 27,200 20,211 57 
39 800 800 200,111 27,200 20,211 57 988 200¢ 163 y 
“ 160 160 0 0 0 0 
1 
42} 3,100 3,100 8,030 20¢ 10 y 
43} 3,500 3,500 15,959 6304 329 y 
44| 3,500 3,500 23,989 650¢ 339 y 
45 250 250 4,758 60¢ 98 y 
46 
47 580 10,537,575 106,400 180,575 625 
48] 1,200 1,200 20,937 1,550 1,682 y 
49} 1,200 1,200 10,537,575 106,400 180,575 625 20,937 1,550¢ 1,682 y 
50 500 500 0 0 0 0 
51 200 200 483,924 7,800 7,204 12 y y y y 
He 500 0 0 0 0 
54 500 1,858,222 152,750 411,072 1,482 
55 10 82,750 5,250 5,500 15 
¥ 510 1,940,972 158,000 416,572 1,497 
58| 1,000 1,040 342,700 y 2,700 10 
59} 1,200 1,200 20,272 125¢ 147 
60] 1,650 1,650 : 0 20,628 4502 18,878 
61 1,500 1,746,445 421,400 543,045 2,215 ja 


5 0 
62} 1,650 1,650 2,089,145 421,400 545,745 | 2,225 40,900 575 19,025 
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Character of 


Depth, Oil Producti : 
Number of Oil and/or Gas Wells eaters in Methods my End Pressure, Lb. Oil, Approx. 
Feet of 1936 per Sq. In.¢ Average dur- 
ing 1936 
During Number of Average Gravity ° 
1936 ge End 08 1006 Wells at End of | A-P-L, at 60 
Eat © F. 
co ae ; 
zg Fe >a a s g 
Bolu] BEE =, les] B/E] 8 Ae 
Bles|2| 2 |galaziee| slaslesi»| Ble Ee 1935/1936] 2 | # {2 
42ilegla| 3 |Sel/S6lsolo8| 8s | SS] 8 | a8 |/8 (ssl a a8 
2|8e| | 8 |g2\sa(Sa/S2/ ee |ce) 5 | # | 3 8s] 3s 4 2 les 
Bao | ot eee Pores ae ee | els a= a s |S i< 
1 3 0 0 3 0 0 0| 4,600} 4,570 0 Liee0, 36 
zt 3| @) 0| 0} 0} 3] 3} 2,175] 2'100 ieee ie 
: 2 0 0 0 0 0 0} 3,957} 3,951 0 0} 0 x 2 Sie. tS se 
5 12 3 0 0 0} SL 11} 2,400) 2,350 800} 760} 740 
6 Ai 0 0 0 0} 11 11} 3,500) 2,500 815 y| 760 
fi 23 2 0 0 QO} 22 22 
: 2 1 0 0 2 0 2} 8,500} 8,250} 0 2| 0 @ z a} y| y | 48 
10 35 0 0 25 10 0 10} 1,250) 1,200 0 10} 0 0 © by lh 27) y | 31 
li| 134 0 0 0} 134 0} 134] 3,400} 3,260 0 134) 0 0 a fir cl ¥ y | 32 
12 5 0 0 0 5 0 5| 4,700} 4,600 0 5} 0 0 fy x By. y | 36 
a 174 0 0 25} 149 0} 149 0 149} 0 0 
15 10 0 0 0 0; 10 10} 2,800} 2,300 1,200 ] y 
16 1 0 0 1 0 0 0} 4,850} 4,300 1,860} 1,860} 1,860 
17 11 0 0 1 0; 10 10 
“4 8 0 0 0 0 8 8} 3,250] 3,200 1,150 y y 
20 2 0 0 0 2 0 2| 2,950} 2,900 0 2 0) 0 = z z| y| y} 25 
21 4 0 0 0 4 0 4) 3,350} 3,170 0 4) 0 ap z olay y | 23 
ee 6 0 0 0 6/0 6 0 6} 0 x oe z 
24 3 0 0 3 0 0 0} 1,120) 1,100 0 3} 0 i x t| ¥ y | 22 
25 1 0 0 1 0 0 0} 2,050) 2,025 0 1] 0 x a et a) y | 32 
26 4 0 0 4 oO; «60 0 0 4) 0 
a 4 0 0 2 0 2 2| 2,200} 2,150 y y y 
29 2 0 0 0 0 2 2) 2,500} 2,400 1,000 y y : 
30 1 0 0 1 0 0 0} 4,209) 4,205 EH <0 0 x fa ail a | 32 
31 12 is 0 0 12 0 12| 5,700} 5,300 0 12) 0u-0 y x zw] y | y | 26 
32 15 fi 0 1 12 2 14 0 13] 0 0 
33 2 0 0 2 0 0 0 655 170 0 2| 0 0 “i fc | a | 23 
= 72 0 0 10} 42 0} 42) 1,200 700 0 42) 0 0 Fy z a) y| y | 28 
ee 5 0 0 0 0 5 5] 1,700} 1,600 450 y y 
38 3 1 0 1 3 0 3] 4,900} 4,850 0 3] 0 0 Zi 2 fol) y | 34 
39 8 1 0 1 ch a} 8 0 3} 0) 0 
th 4 i 0 0 0 1 1} 2,000) 2,088 1,020 1,020 
4 
42 2 0 0 0 0 2 2) 2,300} 2,200 700 7] y 
43 11 0 0 0 OV 11 11] 2,700) 2,600 1,140 y y 
44 13 0 0 0 0} 13 13 
45 4 0 0 3 0 1 1} 3,500) 3,400 1,724 y y 
46 
47| 149 0 0 6} 148 0) 143} 1,200} 1,000) 0 143} 0}; 0 He x a) y| y | 48 
48 5 0 0 1 Oo}. 4 4| 2,500} 2,400 925 y y 
49] 154 0 0 7| 148) 4) 147 0 143} 0} 0 
50 1 0 0 1 O} 0) 0} 2,850) 2,600 790 x EY 
51 25 0 0 14 8) 3) 8} 1,650] 1,600) 0 8} 0; 0 y y y|) y| y | 36 
2 1 0 0 1 0}, 0 0} 3,350] 3,270) 0 0} Oo; 0 y y yl ol @ | 15 
53 
54 13 0 0 2 il 0 11} 2,800} 2,770 0 11)" 0! ee0) ie) £ az) y| y | 28 
55 1 0 0 0 1 0 1] 3,013} 3,012 0 OO x a zi y| y| 18 
56 14, O 0 2 12 0 12 0 12) 01} O 
57 
58 4 0 0 0 3 i 4 900 700} 0 By) oie) z x a} y| y| 42 
59 10 0 0 0 0}; 10 10} 1,600} 1,500 by y y 
60 3 1 0 0 1 2 3} 3,200} 3,000) 0 1} 0] O | 1,450 y y 
61 8 3 0 0 8 0 8} 4,400) 4,000 df 1; 0} 0 | 1,600 y yl y | y | 19 
62 25, 4 0 0 12) 13 25 7 ot 07. 0. 
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| Line Number 


CONDOS Ode 


a etic 
of Oi of Gas 
d ; Deepest Zone Tested 
aeeatcbivae iene eect one to End of 1936 
during during 
1936 1936 
~ 
B38 
} 3 mas 
~ a, 2 oO 
g a Name Agef s 3 . a BE Name ; 
ok B31 8° S| 8 B leds ‘si 
BZO| , | 5/52 2 | @ |&§| € Kes as 
Bs] 3 |2s 48 3 z 35| & Sco Sg 
anm| @ [aC |S 5 i oe eae a= a 
0.¥| M y y | Morrison Jur s Por 30} A 18) Chugwater 5,460 
y y | Sundance Jur s Por 40; A 4| Chugwater 4,083 
0.1) M Dakota CreU i) Por 6} A 2| Lakota 4,257 
1,020) y | Frontier CreU i] Por 16) AF 
760| y | Dakota CreU NS Por 50| AF 
AF 5) Nugget 3,822 
Oak: Frontier CreU NS) Por 49) A 0} Frontier 8,725 
y| M Shannon CreU 8 Por 65] A 
0.17; M Wall Creek CreU S Por 100} A 
0.18} M Dakota CreU Ss Por 15] A : 
A 226| Madison 6,597 
1,020) y | Wall Creek CreU Ni] Por 150) A 
1,020} z | Lakota CreU Por 40) A 
A 3] Sundance 5,345 
890} y | Frontier CreU SH Por 20) A 5| Sundance Shale | 4,400 
2.8 Embar Per L Cav 35} A 
2.9) A Tensleep Pen S Por | 100} A } 
A 2| Madison 3,832 
2.8) A Sundance Jur $s Por 10} Af 
3.0} A Embar Per L Cav 15| Af 
11| Amsden 2,867 
y y | Shannon CreU N) Por 70} A 1| Niobrara 5,200 
y y | Frontier CreU 8 Por 30| A 
0.38) M Sundance Jur Ny] Por 4) A 
CPP) WN Embar-Tensleep Jur, Per} L-S | Cav-Por} 130} A 
A 3| Amsden 5,505 
y A Tensleep Pen 8 Por 50] A 0} Tensleep 650 
2.4) A Embar-Tensleep Per-Pen| L-S | Cay-Por| 150} A 23| Tensleep 1,400 
y y | Shannon CreU 8 Por 40| A 
0.3 | M Muddy CreU NS) Por 30] A 
A 1} Sundance 5,488 
1,022} y | Sundance Jur 8 Por 48) A 2| Sundance 2,088 
1,060} y | Dakota CreU S) Por 30} A 
1,060} y | Sundance Jur 5 Por 110} A 
A 1| Tensleep 4,690 
1,069] y | Dakota CreU iS) Por 50} A 4| Chugwater 4,560 
0.14) P Frontier CreU $ Por 40| AF 
y vy | Dakota CreU 8 Por 55| AF 
é ’ AF 39| Dakota 2,450 
2 x | Frontier CreU § Por 40) A 0| Dakota 3,992 
0.45) M | 1,060} y | Mowry-Dakota CreU SS) Por 25} A 8} Embar 4,600 
3.88] A Tensleep Pen 8 Por 60; A 1) Tensleep 3,350 
2.5] A Tensleep Pen S Por 100) AF 
3.3] A Madison Mis L Cav a) AF 
AF 4| Madison 3,230 
y P y y | Frontier CreU 8 Por 35| AF 
y y | Dakota CreU 8 Por 50| AF 
y y | Embar-Tensleep Per-Pen} L-S | Cay-Por| 100} A 
3.0] A y y ison is L Cav | 320) A 
83] Madison 4,424 
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a ee ee 


Area Proved, 


Acres 
Age, 
Field, County Years 
to End 
of 1936 
® : Oil and 
3 Oil (ee 
EI 
a 
g 
3 
Gop Golden Wagle: TH otsS mings senac/ nacstovs enaie ie Seis a Soe aeveters soe anc avelste-s.areialicstoiecstateecparees 
64 | Grass Creek, Hot Springs . : Y 
65 Frontier Re SOPOT OO AO CROnIOS Oc OO CERTO LOO An eR, 1) 0-1 ae eee ne 22 1,400 0 
66 Bim bare Pensleepuatct op prs cen eae ant Re ee SR eae Me 15 2,000 0 
67 AG TD, coe SA en eS a A ine Cee 22 2,000 0 
GSh Grey bull eBignHortcs ce eet ceccm citi eotael adit nce ae Men 28 640 
69 | Hamilton, Hot Springs 
70 b: 18 640 
7 7 300 
m2) : 18 640 
73 | Hidden Dome, Washakie...............0.e0e00s es 19 200 0 
74 | La Barge, Lincoln, Sublette. . OF as ce err Sa Sen 13 950 
im ROC reek TODAS TENS a) toy diet syneue Alora resa(ses aTeReNs vo etctopainesea\ a aeeNole. ca A éccattrere dlecwiavs ahcracvs 11 100 
76 | Lance Creek,Niabrara... ge vefele et oueie e-<oTote To crele ie aietate ares cote caece A orcas Savovaramiereiiciow 
77 LOA sy 5 59 ZITA OSC OPTED SECO MER recs Ona eR ne te ene Oe 14 0 | 1,500 
78 eee Cauca eBOO eitac Meo dct c CC uO Cue Oe a oi, te cea 6 1,100 
7 fio SAR SSE nc ga asco s DORR CO ee a tS ee enn 2 22h en ee ee 14 1,100 | 1,500 
80 aiden udson), TOGO 08» eae, SEIN Slo A CIR SPR ec cr Ee Sn 2 
81 TREE escent 0 SS ESA ODER TRS SURESH GC de hots ORES ete eee ae ee 18 340 
82 FRCHBLGGD Sarasa epee col ction CES e aie oR eareays arth ene eoia 2 aenis Helen oadbons 10 110 
83 ECC ie se ee ares Se es i ae a eS ie aa eet ee ae ee ae 18 340 
Bam Master Dutralo Basins Parke: sic: sts travoniera otaisier Stein otter creck sone mace ino ude 22 
SoM Uubto Marans, Creeks an Sprengs sisson ee cherstave ne aaron oni taine Simavers vialsienters eboke aintete 20 
86 | Little Pole Cat, TAR Bn nit Ace Bie Pee iy rt lL Ce eS a 18 
87 | Lost Soldier, Sweetwater 
88 Frontier 20 160 
89 Dakota-Lakota 14 450 
90 Sundance 10 160 
91 Tensleep 6 160 
92 LORI Nese oe erate als afeicie caer eter ies SRDS icin EE ROP Gicgs Sem OES 20 450 
93 | Mahoney Dome, Carbon 
94 Ae Ss Su. ROBO de COE CREO TEER SERIES yo nate Ine CREE CREE eC ramen es aac 17 
95 Sundance 12 
96 Tensleep 7 200 
97 BE Gell Ss Pete ares ae av TSteaete sarees Ooi 1 Choseraceln'aca-a: olay slipcatayeiavelovars wajarets Ws evayy.avdinye- 16 200 
98 | Maverick Spgs., Fremont Co. 19 1,400 
99 | Medicine Bow, Carbon.... 2 800 
100 | Midway, Natrona...... 6 200 
NOD NIULe reek IVEADT ONG. a <tclcseisis;o seco t= craters che'aaystauve ay oiais oie ce 
102 Ha Ota rnin sro ie nis tiete ce ot oie se mete ote ciel ovateavame ive a: 16 220 
103 IN ieamieltinereictse iste ee hassefsks eee oe iors nictens «ate eto Ane easel omen ele ere aye 6 100 
104 SIRLEN: pe ence Ps So etrers AERTS ST Aero ROG car aA CRE 3) IE PO ian aoe ee 16 220 
LOD MIP MIUSKT AG CH NeMOnee.,«.- cree teres atcisiai tetas svete ssinveuctetn'e shave vevela sieve: striae « @niediessie ele 0° leleaceiays 9 200 
106 | North Baxter, Sweetwater 
107 IB ACY Css op ERA GOLD 1 GOUT ORO OC TTIIO TE Oe OUI Oe ATC nrc write 10 
108 livre biG: anannetab.c tq 0B Od Ce Sem coe on ct ORORD EO CAREER AOC cree ne ser 8 
109 IC Ota ee cee SONS opto cca reavaneiarere ccs seyossneora is ns oxn oie QUART ele Selo 's eyeieAWor's aiazale in 10 
G10) |) North Garland, Danker Domes, Big Hott cicsicc «ocjecres. 1010-0 60.6-1suils a neiees ve sieeie« 21 
111 | North Casper Creek, EN Gat On eee oc ails esa 8 aie Setore 0 Assy 70 Nilare laceve vie ble ss rs 5 100 
112 | North Sunshine, jy a oes = Ce oe ima ets, aan Ines Cae Sanaa 9 150 
HSIN OLoea yN GET Ona cece tetcccio ts aimee crctanss oh ogmteke © wei svefoysiescfojers aie ave Ste sincaaralv eles elotole.» ft 14 400 
(NZ. Ohare SEG. IG sas ob olbeie boc Heed abec IDO anus oD die Gan abe EO rE CURCROneDOrS 
115 IDA 2 ee cin an RDOBD O SOUR AR ONO DOMED OT oO. CAC AC UOMO ICIS Oris i077 24 
116 [Bier bees Neville vas ppeon no anee caoagbqou cna canutootepouonoduodmavadoopénousS 10 10,000 
117 UR ene qoctiehe 2n-0 SOBG BO ODIO OGRE Ans DUOURBORO SO AU pUO Dare DC Otac Aner 24 10,000 
AUS w I Omawe mii Cater ti eer ais cterateco aioieis)-sersietoetate oyeinteledate ve o1c¥c{evefaote,orotslerele's|slovetese eiavsis ie vnieleicvesers 16 10,000 
MORN MRO SUG LORE eILOTiE c ateiate crevesoaiere eterno resale elev e epavelevevate(bicvayerelaiA fia/are) Pen leila slerolsleielocats 
120 aa fades Sigg hte & GD 5 OG Etre Mero ACU UOC CU ORO OR TOD | DAO TRO EEE Lene Ny 250 
121 (GEN or avanotdebabe caewes Gace doovj0dSe oe coupe peDagvoADE dan aconotoD mas 
122 GIOTTO, tenet ooo ne HbR eeun eo dS CE AO ARRMO Oo occiee OMA mals t.cuoteen 20 250 
(ee) | Pehrailaentn ii hg peda oodbebo dade annendce sabe Sc Soueounabcl suanooardCs 17 
100! ier Ntey eBid sa one. aocee aged tGuo8 udeetoveGuond Geoolae at 6 300 
ee |e lumiceth, Mr entombesaciey -/slsteisicteleicre el-sclerss«|-leler@ eine» efeie cin s\altle\nie(o's are(ls wleje)s/eisielatenie as 15 45 
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TaBLE 1.—(Continued) 
Pay plains Total Oil Production, Bbl. Total Cae Fe 
Daily Maxi- 
Average) > End | During | During | ™UD 
By Total To End During 1935 | During 1936} durin, a Daily 
3 Gas of 1936 4 g Noun of 1936 1935 1936 during 
E 1936 1936 
vA 
oO 
I 
WI 
63 120 120 2,250 0 0 0 
64 
65 0 1,400 23,855,585 509,500 552,085 1,966 
66 0 2,000 1,496,017 210,500 1,517 0 
67 0 2,000 25,351,602 720,000 553,602 1,966 
= 640 245,150 450 0 0 ae & s £ 
70 640 4,126,911 421,000 368,911 900 
71 300 0 0 0 0 
72 640 4,126,911 421,000 368,911 900 
73 640 840 113,613 20,000 83,613 485 24,000 0 0 0 
74 950 4,729,436 450,000 428,436 1,100 
: 100 0 0 0 0 
77 0 1,500 4,349,000 50,000 35,000 100 59,800 900 900 y 
78 0 1,100 2,513,486 599,000 1,843,486 7,000 2,962 2,000¢ 962 y 
. 0 1,500 6,862,486 649,000 1,878,486 7,100 62,762 2,900¢ 1,862 y 
81 340 678,231 15,000 13,231 47 
82 110 1,077,885 98,000 95,885 50 
83 340 1,756,116 113,000 109,116 250 
84 4,800 4,800 14,451 1,050¢ 1,301 y 
85 160 160 1,334 135¢ 99 y 
- 500 500 669 125¢ 144 y 
88 160 2,054,038 100,000 54,038 100 
89 450 11,389,294 93,500 122,794 200 
90 160 4,488,334 355,000 288,334 725 
91 160 6,000 6,000 0 0 
A 450 18,437,666 554,500 465,166 1,025 
94 1,400 1,400 14,400 100¢ 100 7] 
95 1,660 1,660 42,039 6502 1,189 y 
96 200 0 0 0 0 
97 1,660 1,660 0 0 0 0 56,439 750¢ 1,289 y 
98 1,400 0 0 0 0 
99 800 184,920 0 184,920 2,665 285 0 285 y 
a 200 165,468 22,800 14,668 30 
102 220 1,200,826 7,000 6,826 0 
103 100 3,750 2,000 0 0 
104 220 1,204,576 9,000 6,826 0 
105 500 500 0 0 0 0 3,483 400 758 y 
107 1,280 1,280 6,017 7] y 7] 
108 2,368 2,368 4,012 y y y 
109] 2/368 | 2/368 10,029 | 2,000 y y 
110 800 800 21 4 9 7] 
111 100 1,874 0 0 0 
112 150 0 0 0 0 
113 400 170,000 0 0 0 
115 1,300 1,300 1,494 140¢ 229 y 
116 10,000 7,181,041 1,163,000 915,041 2,200 
117 1,300 | 10,000 7,181,041 1,163,000 915,041 2,200 1,494 140¢ 229 y 
118 10,000 |  3,659/274 250,000 267,274 650 
120 250 531,189 9,800 9,189 21 
121 400 400 0 0 0 0 0 
122] 400] 400 531,189 9,800 9,189 21 0 0 0 0 
123 100 100 0 0 0 0 
124 300 0 0 0 0 
125 45 11,700 0 0 0 
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Depth, | Oil Producti Character of 
Number of Oil and/or Gas Wells Average in |Methods at ‘ind Pressure, Lb. | Oil, Approx. 
Feet of 1936 per Sq. In.¢@ | Average dur- 
ing 1936 
During Number of Reaeaee Gravity 
1936 At End of 1936 " Wells a End of APT 8 60 
g S g 
he oO N ° 
2/38 3 |2e = 2 KS Se 
§ | on 3 ® |x 5 oo Q0 > a oF oF AE 
2 \8s| 8 | 8 | 8a a 38 2| 23 as | ~| 2 | = SE} _ | 1935] 1936 g| ise 
glez| | 3 |B2/eclgaige|/ S222 |=E | § |e 8] 2 a) 4 [Ss 
BIS") S| s le2 facies | as [em |e | a [sd det 3 |S |< 
ie OL 0 0 0 () en!) 0| 3,000) 2,250 1,175| Exhausted 
65 | 316 0 0 1} 315 0} 315} 1,200 800 0 315} 0 0 x x z} y| y| 44 
66 15 3 0 0 15 0 15| 4,000} 3,600 0 15} 0 0 x x ty y | 23 
67] 331 3 0 1| 330 0| 330 0 330) 0 0 
. 14, 0 0 14 0; 0 0| 1,050} 1,000) 0 DE 0) | +0 x x x} y| y | 48 
70 31 0 0 OV» Bt 0} 31} 2,600) 2,300) 0 31}, 0!) :0 z x x} 26 | 18 | 23 
71 1 0 0 1 oO} DO 0} 2,860) 2,700) 0 0} 0) | 20) & bs zi y| y| 2i 
72 32 0 0 1 31 0 31 0 SL (ON) 0 
73 20) 11 3 4 11 0} 11) 1,600) 1,200; 0 11} 0} 0O| 490) Exhausted} y| y | 43 
74| 110 3 1 19 91 0 91} 1,000 650 0 91) 0 0 x x y| 45 | 19 | 28 
“4s 1 0 0 1 ee 0} 3,760, 3,730} 0 LO) 0 £ x Ze |e 26 
77 14 0 0 0 4 6 10} 3,200, 2,900 0 4, 0 0 | 1,175 y y| y| y | 42 
68 25| 26 1 0 25 0 25] 4,000, 3,650} 23 2} 0 0 | 1,200 y y| 49 | 41 | 48 
ie 39] 26 1 0 29 6 35 23 6| 0 0 
81 31 0 0 25 6 0 6 | 1,500} 1,300) 0 6| 0 0 « x Bi yl gie2 
82 Dh 0 0 0 5| — 0 5} 1,800) 1,700} 0 5} 0!) 0 x cE Bi Wee B23 
83 36 0 0 25 13 0 11 0 13} 0 0 
84 10 0 0 2 0 8 8} 1,500) 1,200 445 y y 
85 2 0 0 1 0 1 1| 2,700} 2,650 850 y y 
a 1 0 0 1 0 0 0| 4,100) 3,900 1,425 y| 1,200 
88 45; 0 0 15| 30) 0} 30) 600) 300) O 30) 0; 3 x z a| y| y | 32 
89 27| 0 0 3] 24) 0} 24] 1,700) 1,500) 0 24, 0) 0 x x zi y| y| 32 
90 5 0 0 0 5 0 5} 2,150) 1,950 0 3] 2 0 x x oe wl yi 32 
91 it _'0 0 0 |) *o 1] 4,000) 3,900; 1 0] 20>) 56 x x z} y| y| 35 
MA WS\,7 a0 0 18} 60) 0} 60 ul 57, 2] 3 
94 4, 0 0 0 o| 4 4| 2,300) 2,200 1,060 Ey £ 
95 Oe ay) 0 0 (i 9| 2,700} 2,600 1,170 x x 
96 1 0 0 1 0; 0 0| 4,760) 4,600) 1 0) 0-0 x x z| 2| «| 34 
97 14, 0 0 1 0} 18 13 1 
88 32} 0 0 32 0; 0 0} 1,700} 1,450) 0 0; 0 x x v) y | y | 22 
99 5 3 0 0 0 0 5} 5,450) 5,200 5 0} 0} 0 | 2,500 x Zi @ |) 2) 63 
100 3] 7*0. 0 2 1 0 1] 5,250} 5,200} 0 1) 0:10 x x She ei 32: 
101 
102 Bei 1 37 Oo; 0 0] 1,550) 1,500) 0 OF 70:)) 0 & & Boe ew oe 
103 1 0 0 1 0; 0 0} 3,180} 3,170} 0 oj} Oo} 0 x x | | & 1 82 
104 38] 0 0 38 Oo; 0 0 0 0; Oo} 0 
105 2 it 0 0 1 1 2} 4,400) 4,350 1,450 y y 
106 
107 3} 0 0 0 Oo} 638 3} 3,100) 2,950 1,335 y| 1,150 
108 2) 0 0 0 Oo; 2 2} 3,400} 3,350 1,485} 1,260) 1,190 
109 bi 0) 0 0 (0) ee es} 
110 40 0 3 (1) ae! 1| 2,400} 2,200 400 y y 
111 2) 0 0 2 OR 0 0} 3,210) 3,200) 0 0} 0: hn0 x z ) oi) & | 23 
112 1 0 0 1 C0) 0} 3,700) 3,475) 0 OHO T AO x x x} @|) vi 16 
113 3] 7 0 0 3 0; 60 0) 2,850) 2,800) 0 0) 0), 20 x x a| o | 2 | 23 
114 
115 4, 0 0 0 0). 4 4) 1,550} 1,500 ; 700 y y 
116 35) 0 0 2| 33] 0} 33) 3,900} 3,500) 0 Sa One 20 x x z| y| y} 2i 
117 39; 0 0 Fie os) Al wot 0 sal O10 
118] 420) 15 6 58| 352| 0| 352] 1,525] 1,500} 01} 352) 0| 0 x x sl y | y| 41 
119 , 
120 HEE «ail 0 0| 13} 0} 18) 1,000} 800) 0 13}, 0 |"70 x x a) y| y | 36 
121 2) 0 0 2 0, 6 0} 3,370} 3,350 800 x x 
122 15 1 0 2 13) 0 13 0 TOF nO 
123 2am! 0 2 0) 0 0| 1,840} 1,830} 0 0} 0} 0] 700 & z 
124 AO! 0 1 0), 0 0} 3,950} 3,750} 0 0} Oo} 0 x x a\ @ |~ 2\-18 
125] 15) 0} 0 0} 0} 0] 0} 500) 250) 0 0} 0] 0 Cle al al apa 42 
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arate gine 

0 of Gas, 

: : F Deepest Zone Tested 
Le ae Prong Rok Bnd of 198 
during during 
1936 1936 

~ 
283 
~ so 
2 gi] |BEs 
3 Ba Name Ages é 35 ok Sy Name 
q| 2 » [30 3 <« [Ze| be [evs sz 
eo] ake 2 he 3) ose 3s a ~~ m he 

S\2"| a |a° |e 6 PA etheees ae 

= x z | Mesaverde CreU Ss Por 50) A 5| Cody 4,019 
4 

65) 0.14) P te ; peau ay ig ~ - 

. 2.6] A Embar-Tensleep er-Pen ‘av-Por ‘ oe A 4,336 
68) 0.0} P x z | Greybull CreU S Por 20| MC 115} Tensleep 2,950 
69 

MzB | ah lo [Ra ig TR aie eels 

1 

me ees ae a 7 Af 2| Tensleep 2,886 
73) y P z x | Frontier CreU s Por 12} A 20} Morrison 2,785 
74| 0.18] M y y | Wasatch Eoe 8 Por 150) A 53} Hilliard 4,210 
75| 3.2) A x z | Embar Per L Cav 30} A 2| Tensleep 3,830 
76 

77| 0.14) P y y | Dakota CreU 8 Por 65; A 

78) 0.14) P y y | Sundance Jur 8 Por 65) A 

79 A 57| Tensleep 4,450 
80 

81) 2.3} A Embar Per L Cav 60} A 

82; 2.9) A Tensleep Pen s Por 125) A 

83 A 8} Tensleep 2,190 
84 1,000} y | Frontier CreU s Por 100) A 4| Mowry 1,670 
85 y y | Frontier CreU 8 Por 50} A 0| Frontier 2,915 
. y y | Frontier CreU 8 Por 15) A 0| Frontier 4,420 
7 

88] 0.15] M Frontier CreU S) Por 200} A 

89} 0.15] M Dakota-Lakota CreU iS) Por 80} A 

90) 0.15} M Sundance Jur 8 Por 300) A 

9111.4] M Tensleep Pen N) Por 65) A 

4 A 37| Tensleep 4,009 
94 1,140] y | Dakota CreU 8 Por 30) A 

95 1,140) y | Sundance Jur 8 Por 110) A 

96] 1.3 | M Tensleep Pen 5 Por 160) A 

97 A 6| Tensleep 4,690 
98) 2.9} A Embar Pen L Cav A 3} Tensleep 2,094 
99) y if y y | Sundance Jur S Por 140) A 6| Chugwater 5,910 

1 0.3) M y y | Wall Creek CreU S$ Por 30| A 4| Chugwater 6,689 

102} 0.17) M Lakota CreL S Por 25] A 

103| 2.4] A Minnelusa Pen L Cav 10] A 

104 A 11} Minnelusa 3,185 

1c Frontier CreU 8 Por 35) AF 1| Embar 7,300 

107 1,000) y | Dakota CreU 8 Por 20| AF 

108 935| y | Sundance Jur Ss Por 15| AF 

109 AF 5| Sundance 3,800 

110 y y | Frontier CreU 8 Por 30} AF 1| Frontier 2,800 

111] y A Tensleep Pen iS) Por 5} A 2| Tensleep 3,308 

112} 3.9] A Tensleep Pen Ss) Por 60} A 1} Tensleep 3,712 

a Pvt A Tensleep Pen 8 Por 40; A 4| Tensleep 2,830 

115 7] y | Dakota * | CreU NS) Por 35; A 

116} 3.3} A Embar-Tensleep Per-Pen| L-S | Cav-Por| 150} A 

117 A 8} Madison 4,160 

i. 0.1002 Newcastle CreU 5 Por 10} ML 464| Minnelusa 2,150 

120} 0.1 | P Niobrara CreU H Fis z| A 

121 y y | Muddy CreU 5 Por 18) A 

122 4 A 45) Sundance 4,630 

123 y y | Tensleep Pen 8 Por 25] A 13} Deadwood 3,127 

124| 3.87) A Tensleep Pen 8 Por 40; A 0| Tensleep 3,903 

125] 0.19) P Mowry CreU H Fis az) A 18) Embar 2,500 


er a es 
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Garland and Frannie, which are more favorably situated to the black- 
oil market. 

New production from the recently developed Sundance sand at Rock 
Creek made it possible for this old field to take fourth place this year, 
though, to a large extent, the output of this field has always been confined 
to market demand. The new Quealy field and the important new Medi- 
cine Bow field are both in the same district, and in the future will share 
in the market demand created for the Rock Creek field. The additional 
reserves of the new fields have already resulted in refinery extensions and 
consequently have increased the market. 

Grass Creek, which held third place in 1935, dropped back to fifth 
place in 1936, because it found no market for black oil during the year. 
The light-oil production showed a slight increase over last year. 
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Area Proved, 
Acres 
ise 
i ears 
Field, County ae 
of 1936 
. Oil and 
8 Oil Gasa 
Zz 
g 
S| 
126 | Poison Spider, Natrona........ SOC OC ROE CO CROAT RAO Ho CCE En Seo tac 18 400 
Omen Ow CEDaiiveneNGLFONG ae eel dere horace nv soteeeo a cle ae ensnieri oft cial gesiopen ine aR 6 
Sal OMG al yA LOGIT caer css eeetas ccs. crete) onsen say enegayel ses siz aye ye ve aieteres tee tence hstoye: «i Heh a's cerosie eo eR ee 3 160 
2G My ee izes bce Ad Lier rey a ooee secre Soret rayne spare osevet Meets De order mma (SPOS «oe Seer age es 13 200 
BUMMER CHIEN OCR UL NOONE sig tee to toy aes, ae py och gt a avg syarar asin aba? e n agata’ere'a sic ai Waal al'a- aya aad 
131 LAO se Set ee ae i, PS rm ORCA, ate NE PNT Ie oT eR ER RIG Cee 19 1,300 
132 POUTIG AGO Saya ne nvtetases Ve laveint a orate eicdsass ates PA spSae rash ee atal eds athe «LS equamMMeeareD NG, oe 2 180 
133 oo “6 BF GERSOS COM OOO TALC GS DOB Oe o IO 0 med GU MO Cote aie aie tris nee 19 1,300 
HS Aim sala @rOGlo iN GCnONG tpn elelee cracls crsliesceileieeceeaerasin cimeinteysorcies enensieieyeiesSeios dt syansrevesais 
135 CORE AICI CO Sanne Bie SinGiiy Atco o SO CRIEOELT p GOe WARE ORTON OC IICR ENT Cte tai 28 4,350 
136 COAL COG Kot te va yc aos teytee eealaiets shen @ atesape > Gal Snes Ie isyoar ae ERE Aereke RIE 19 21,450 
137 Jor One 8 ee arg or Seo Ee oR EET CED HOES DOL Rae C OOM on aiteac 12 2,030 
138 Strmacl ame te sx ftctoraeWevaccrese cost crsievene Maiev st See RS tito esesa sora ihe ci ote e araatiemta ekoatene 11 ae 
139 Us Ce cdn nee Cec Ren PREC ODE BHO UEDOE Go OUT O00 Oreo eEensc so co Tatrne 6 Ge 
140 HI HOY RIL a ee Meta 8 Saas MRSA ACIS oe en haa aG Eke Piney ere ek Gro cree eRe OP. ORE 28 on 
(at Shannon, Natrona... Sess wees cess ecie's.0 ere agen oe cc tis BRE RNIN eae a ste 47 ae 
MADE kOe Creeks WH menvontere ccm ayeriercl tetas hetero eyead oreo atapeseve, visToleiafonsters ciais- lees slelast sisfareisrss e a 
HAO MIRO UMPBODNLCIGRes CGOG be mre create einai eiaelere le eiotettaerasie rs ere istelaieiay =: malate Paretretae reel av WA ae 
ees South Oaspers Oreck wl atranGspnn secre o i oie cieieiereche sie leleloimiale les sjaverega.el stealer seated ele = d a 
Tia li | Myo evs trrerlingneh 12h ids on Sonn abo ances core ba sp aeSo noe OEE io tan -aempar opooosece 4 Ms 
PAGAN OpINdlebOp, INGNONG. ci. c cree see cit acetone os « ofr cfsie =icieie) oinieie Were = oe wie siiearetyao so eieleisieis 8 a 
MATa Opry Orel Oni: eee is erates otros sibs elec stale isse aed jelaislalsisiele abe «. Piers leie{ shales) exctors)ofe pe es 
148 | Spring ed ae ttre eet ets PON ade Pea rer vayorS ote PLANT os oTore wide RESIN RIO 418% 
T49 ME eapot Domes INGO co leleliceleelorcialeyels © sievayvlo.ewieis #id\e\ei elas es sisi viel oie)¢\012) s\e\e\eleiae/e vies © 
150 . AV liste ROCESS TCR TR ree ese oe cn te Ae as aeitte ancien nie snes alone ates ie a 2,000 
ee a ee a ees tt | 640 | 2,000 
153 | Torchlight, Big Horn....... 0.2... 0ce.ccc cece cece eect etter neeterteees a Me 
154 | Warm Springs, Hot Springs............ +0 .sseeee eee r erect ee teen een e ee eteenees : ie 
155) || Waugh Dome Hot Springs... cece ve eccls cieieccenis «ccs oclne ciinene neces sunee se 
EN Wes LDonts Kellie coqadeoscnscsepecdo say eoudoosogpGauS pete eet ener es 4 
157 Frontier 4 2 
158 IDEN Oiciee A= dae do sboucu ne Robr inet Be 6 Rous DEO RO ada nT oI eB CODD OnepOCoD Den ; 
159 Lakota ? 
160 Sundane A ae 
161 Tensleep 16 350 
162 Total..... 67.435. | 5.660 
163 | Total Wyoming 5 s00U 
0 
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Because of newly completed flowing wells and favorable position, 
Garland was able to take market from older black-oil fields sufficient to 
put it in sixth place in 1936. 

Big Muddy and Lost Soldier maintained their usual position, showing 
only a slightly normal decline. The Frannie field, which held third place 
in 1934, has dropped back to ninth place in 1936, mainly because of 
market conditions for black oil. 

Gas production during 1936 more than doubled that of 1935, owing to 
increased market. Only three new gas wells were drilled during the year 
and one of these is the discovery well on the new East Allen Lake gas field. 

In the Garland field a well drilling for oil blew out while penetrating 
the gas horizons: the Embar, Tensleep, and Madison. The blowout 
occurred on Jan. 19, 1935 and defied all efforts to kill it until Feb. 28, 


TaBLe 1.—(Continued) 


eee oc. Total Oil Production, Bbl. et Cot ee 
Proce Maxi- 
To End z verage | To) End | During | During | ™UM 
S Gas Total During 1935 | During 1936 | during Daily 
3 of 1936 Nov | of 1936 1935 1936 during 
E 1936 1936 
Z 
o 
f| 
4 
126 400 745,411 55,000 75,411 270 5,600 0 0 0 
127 150 150 0 0 0 0 
128 160 86,714 0 86,714 360 
129 200 217,260 3,000 1,060 0 
131 1,300 | 16,421,441 514,000 467,441 y 
132 180 169,000 30,000 139,000 y 
133 1,300 | 16,590,441 544,000 606,441 | 1,230 
135 4,350 | 46,798,900 305,000 293,900 800 
136 21,450 | 202,762,700 | 4,858,000 | 4,604,700 | 12,800 
137 2,030 | 15,846,500 685,000 661,500 | 1,830 
138 660 5,516,900 502,000 454,900 | 1,250 
139 640 65,000 0 0 0 
140 21,450 | 271,015,000 | 6,350,000 | 6,015,000 | 16,680 
141 200 55,4 0 0 0 
142 200 10,000 10,000 0 0 
143 160 163,050 0 4,050 11 
144 240 2,240,519 78,600 105,869 500 | 11,292 0 0 0 
145 300 0 0 0 0 
146 80 0 0 0 0 
147 750 0 0 0 
148 400 57,500 3,000 3,000 10 
150 2,640 3,000,000 0 0 Fa 0 0 0 
151 694,287 8,200 7,287 23 
152 2,640 3,694,287 8,200 7,287 23 x 0 0 0 
153 96, 0 0 
154 200 275,668 41,000 18,518 0 
155 100 106,197 92,000 14,197 120 
157 100 100 700 0 
158} 500 500 34,000 500¢ 500 : 
159 500 500 24,494 | 1,900¢ | 2,004 y 
160 200 200 1,600 2002 y 
161 250 1,000 0 1,000 
162 500 1,000 0| 60,794 | 2,600 2,794 y 
y 


500 1,000 0 
163 | 33,565 | 98,590 | 413,467,183 | 13,474,350 | 14,475,431 | 45,831 | 410,857 | 19,900 38,778 
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1936, when it was finally shut in. This well is estimated to have wasted 
18 billion cubic feet of gas during 1936. In Table 1, this amount of gas 
is credited to the production of gas from the Garland field during the year. 


DISCOVERIES 


East Allen Lake gas field must be listed as a new discovery for 1936, 
because it is a separate high on the Allen Lake anticline. Gas was 
discovered on the main or north dome in the Sundance sand in 1934, 
but there is a definite and rather deep saddle separating the north dome 
from the east dome and there are several dry holes between them. The 


Kast Allen field should no longer be considered an extension of the main 
Allen Lake field. 


TaBLE 1.—(Continued) 


i . Character of 
Depth, Oil Production . f 
Number of Oil-and/or Gas Wells cae in cee a End eerie fen Ege 
ce = ing 1936 
i F Gravity 
Duri Number of Average & 
1936 At End of 1936 Wells at End of Bekah 60 
ee] o “i 
3| 8 3 
moe e| 3 a 
Blo8\ 5] y |BE ol a] lea ae Be 
BiS</2| 2 |galeziee] = ae ag|y| 2 |e (8 1935 |1936/ 8 | 8 [Se 
2 \ee| =| 2 | ss lee ealge| s2/22| 2/28) g a | a lee 
2 EI a a\SselSe/8n| bn = See lees 3 | 8 foe 
S\88| 8 | 2 lea £5 £5/ee) se | et | 2 | 3 |S lam) & =| fe< 
126 18 1 0 5 13 0 13) 1,425] 1,400 0 13} 0 0 525 z Be ay jee 
127 1 0 0 it 0 0 1,350) 1,315 530 y 7] 
128 6 4 1 0 5 0 5] 3,320] 3,260 0 5} 0 0 y y yoy} y | 35 
129 4 0 0 4 0 0 0} 3,900} 3,800 0 4) 0 0 2 x a oy) y | 34 
130 
131 62 0 0 19 43 0 43} 2,800} 2,600 0 43) 0 0 fi, ] a} oy | y | 35 
132 9 6 0 0 9 0 9} 3,250} 3,150 0 9} 0} 0 fa iz By i ¥ 183 
133 71 6 0 7, 52 0 52 0 52} 0 0 
134 
135| 347 0 15 207; 140 0} 140} 1,100) 1,000 0 140} O|} y z x a] y| y | 36 
136 | 1,560 0 0 | 417) 1,148 0} 1,143} 1,575} 1,535 0 | 1,143] 0 y z x they le ¥F lcc6 
137 0 0 20 43 0 43] 2,350} 2,300 0 43) 0] 0 x x alog| y | 35 
138 44 0 0 9 35 0 35| 2,875) 2,750) 19 16} 0 0 2 # oy |g 135 
139 i. 0 0 1 0 0 0} 3,980} 3,790 0 0) 0 1..6 2 Ey e-file @ 28 
140 | 2,015 0 15 654) 1,361 0) 1,361 19 | 1,342) 0 
141 1 0 0 0 0 0 0 900 800 0 0} 0 0 x £ Chev) 2 | 24 
142 2 0 0 2 0 0 0} 2,100} 2,035 0 2} 0 0 oe z Cle Dil wae. 
143 3 3 0 0 3 0 3 675 625 0 3} 0 0 a} Ey al oy y | 21 
144 17 0 0 0 17 0 17| 2,700) 2,600 0 17; 0 0 E7 x ae ¥ y | 15 
145 1 0 0 1 0 0 0} 2,514) 2,475 0 0) —8-| 0 x x CW eh els 
146 3 0 0 3 0 0} 0} 1,125) 1,100 0 0; 0 a z TON oe |e2e 
147 1 0 0 1 0 0 0} 4,250) 3,900 0 0) 0 Ey « a] @ |] 2 | 16 
148 30 2 2 20 10 0 10 900; 400 0 10} 0 % x TiS leas 
160 47 0 0 AT 0 0 0} 2,950} 2,900 0 0| 0 by © @) 2} #1 35 
151] 15 0 0 15 2 0 2) 1,600} 1,200 0 2| 0 x « a) y | y | 35 
152 62 0 0 60 2 0 2 0 2; 0 y 
153 30 0 0 30 0 0 0 600; 400) 0O 0; 0 x a eae a ae 3 6 
154 37 0 0 37 0 0 0 800 700; O 0} 0 a x Eo eae ude ar | 
155 1 1 1 0 1 0 1) 3,807} 3,775 0 1} 0 2 x Cle tele e128, 
156 
0 0 0 Ol» 20 0| 2,260} 2,210 850 y y 
ee 3 0 0 0 0 3 3| 3,550} 3,500 1,940 y y 
159 3 0 0 0 0 3 3] 3,750} 3,700 1,940 y y 
160 1 0 0 0 0 1 1} 4,120) 4,100 1,520 y 7] 3 
161 1 t 0 0 0} 60 t 5,886] 5,859 ; z y vy) yl yl 3 
8 1 0 0 1 th 
re 1] 838 30 | 1,146] 2,819} 134] 2,951 57 | 2,780) 2 y 
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In 1935 the Sinclair Wyoming Oil Co. started a dual-purpose well on 
the Wertz dome, in Carbon County. Wertz dome is an old, developed 
gas field with only one gas well to the Sundance sand, and this well has 
always given some water trouble. The purpose of the new well was to 
penetrate the Sundance sand and test out water conditions in the sand. 
This well was completed as a gas well in the Sundance sand at the end of 
1935 and allowed to produce gas from this sand until it was finally learned 
that the water troubles were inherent, and not due to mechanical diffi- 
culties in the previous well. In the summer of 1936, therefore, the test 
well was rigged up for deepening and to serve its other purpose, which was 
to test the Tensleep sand. 


TaBLE 1.—(Continued) 


Character | Character 
of Oil, of Gas, 
Approx. Approx. Producing Rock Deepest Zone Tested 
Average Average to End of 1936 
during during 
1936 1936 
ise 
Ze 
x 3 mas 
3 Ee Name Age! B A pS Name 
B| 28 gs | 3c B14 lige B [SEs si 
z| Bo | 5S 2 | 2 les 2 |883 ae 
g\e5| 3 |3elas #1 |eé| 2 lace BS 
Ala™| a als a) a lat] a te as 
es 2.8] A 2% x uae tat 5 Por 35] A 5| Granite 4,119 
y y rontier re Por 35) A. 10} Chi te! 3,460 
128) 0.2 | M Muddy-Dakota CreU 8 Por 60| A 2 Suns Ae 4,207 
pa 0.37) M Dakota CreU NS] Por 50| A 1| Lakota 3,930 
131] 0.26) M Dakota CreU Ny} Pp 110} A 
132] 0.26) M Sundance CreU $ Por 100) A 
Li A 11] Embar 5,627 
135| 0.15} M y y | First Wall Creek CreU 8 Por 110) Af 
136] 0.16] M y y | Second Wall Creek | CreU Ss Por 65| Af 
137| 0.4} M y y | Lakota CreL Ss Por 20| Af 
138} 1.3 | M y y | Sundance Jur 8 Por 70| Af 
Le 2.3) A y y | Tensleep Pen 8 Por 190) Af 
AF Granite 5,400 
141] y M Shannon CreU 8 Por 75| MuP 41| Shannon y 
142} 2.9] A Embar Per L Cav 75) A 2| Tensleep 2,486 
143] 0.17) M Quealy CreU s Por 40| A 13} Steele 6,931 
144, 4.5] A Tensleep Pen 8 Por 150) A 5| Tensleep 2,500 
145] y A Embar Per L Cav 40; A 0| Embar 2,514 
146] 3.24) A Sundance Jur s Por 25] A 8| Tensleep 2,705 
147] y A Tensleep Pen Ny} Por 150) A 2 len 4,255 
— y M pen CreU H Fis z| MC 65| Bear River 2,065 
150} 0.15) M Wall Creek CreU 8 Ee 
a 0.15} M Steele CreU H Fis “ Af 
Af i 
153] y P Mowry CreU s Por 50} A as Mode rath 
154] y A Embar Per L Cav 65] A 18] Tensleep 1,590 
~ 8| A Embar Per L Cav 35) A 5] Tensleep 4,246 
157 1,060| 0.25] Frontier CreU S Pp 
158 1,060} 0.25) Dakota CreU 8 Pie 20 A 
159 1,060) 0.25] Lakota CreL iS) Por 40| A 
160 1,060} 0.25] Sundance Jur 8 Por 20; A 
oF 1.47 |" A Tensleep Pen 8 Por 27| A 
A 2) Tenslee 5,886 
163 1,721 4 
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Late in 1936 the well cored the top of the Tensleep, found saturation, 
and the casing was cemented. When tested without deepening, the well 
showed for about 2000 bbl. of 35° gravity black oil per day. 

Indications are that Wertz dome will become an important oil 
producer from the sand. Another effect of the test will be to speed up 
drilling of other untested structures in the vicinity to the same horizon. 

The Muskrat structure consists of a number of small domes on a 
long anticline. One of these small domes yields gas from the Frontier 
sand, but several earlier tests and two subsequent ones were failures. 
In 1936 a test well capable of reaching all probable horizons was started 
on an untested local dome. The Cretaceous and Jurassic sands were 
found to be barren, but the Permian-Embar was found to be oil-bearing. 
Unfortunately, mechanical troubles developed, which prevented com- 
pletely testing the well in 1936 and it was shut down for the winter. 
Indications are that the Permian and probably lower horizons will yield 
commercial oil. 

A deep well drilled on the Gooseberry dome, Park County, developed 
mechanical troubles after coring good saturation in the Permian-Embar. 
Parting of the drill pipe prevented testing of this well, which is slated 
as an early discovery for 1937. 

A most important discovery for Wyoming in 1936 was the completion 
of a commercial oil well in the Wasatch formation at Powder Wash, 
several miles south of the Wyoming line. The Wasatch is Eocene- 
Tertiary in age and the discovery at Powder Wash makes it obvious 
that the oil found there is indigenous to the formation. Gas in large 


volume was previously known from the Wasatch and is being produced at 
Hiawatha field in Colorado. 


TaBLe 2.—Summary of Drilling Operations in Wyoming 


Important Wildcats Drilled in 1936 


Location 
Total - Deepest 
County Sec. Twp. Rge. | Depth, Surface Formation Horizon 
Ft. Tested 
Survey | Lat. Long. 
Lilla. serctovs nie crater sre vetereteters ceplersioletees 16 | 57N. | 101 W.| 8469 | Fort Union Frontier 
DN SWECUIFALED n «occ cntitateltienetn sare eierstors 32 16 N. | 104 W.| 2754 | Baxter shale Frontier 
Sil woutvon Creek: ja..nan cee e roan i 18 N. 78 W. | 5460 | Steele shale Sundance 
AME Gar DOM stan isyciaye nik chee re erent 18 | 22N. 78 W. | 2088 | Niobrara Sundance 
Ba Waslakite: sc iaavar is ie-sheterbete serereries 14 | 48N. 91 W. | 2395 | Cody shale Frontier 
Gi BigsHOorm. a ceecmanetile aeeeteendet Lot 531} 56 N. 97 W. | 4206 | Cody shale Madison 
71 WEES ete Set TREN oot 3A 33 | 47N. | 100 W.| 5680 | Cody shale Embar 
Sol Washakie:.:. nmatmnrcu cmtitoeaae ae 25 | 48N. 91 W. | 1583 | Cody shale : Frontier 
ONL OBHOD Sereeyee concn sass eet: io 14 | 28N. 63 W. | 3062 | White River Tertiary | Granite 
HOW Niobrara. cotancianeeemete sheets r 32 | 36N. 65 W. | 4450 | Pierre shale Tensleep 
Pi ittle Laramie’ osc camo coe See net 4 | 16N. 75 W. | 3886 | Steele shale Tensleep 
12 WiMedicine Bow: s....,-...atieeuiivee enc 35 | 21N. 79 W. | 5596 | Mesaverde Sundance 
1S halauisher svt &; atin s-sxcteleceecr alates etait hoe 1 33 N. 92 W. | 7293 | Cody shale . Embar 
Ay Overlarid some a ctiteiaks eettieetalayier, 5 19 N. 83 W. North Park Tertiary Sundance 
Tp ROCK GLeGke. We Cau aw Nivaiete al oooteteters 35 | 20N. 78 W. | 3210 | Steele shale Sundance 
WT AB WR rn trcars Gice oe Beto oe He 7 | 44N. 96 W. | 4245 | Cody shale Tensleep 
eZ NWertat DOMeCL cate cate cctinnccccetcars 7 | 26N. 89 W. | 5883 | Steele shale Tensleep 


oe 
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The oil at Labarge is produced from sands in the basal Eocene, but 
was thought to have originated in underlying Cretaceous. It now seems 
obvious that the Labarge oil, being of the same character as the Powder 
Wash oil, is indigenous to the Tertiary. Other structures in both Wyom- 
ing and Colorado may be expected to yield Wasatch oil. 


PRODUCTION PRACTICE 


Oil-production practice has changed little in Wyoming in 1936. 
More attention is constantly being paid to gas drive or recirculations in 
connection with gas-lift, and it has been successfully used at Salt Creek, 
Lost Soldier, Grass Creek, Elk Basin, Rock Creek and Labarge. This 
practice will be much more extensively used in the future. 

Much more attention is being paid constantly to the systematic 
spacing of wells. Most new fields are being drilled up on the basis of 
one well to 40 acres, with the wells located in the centers of the tracts. 
Wherever feasible the wells are being located not at the center, but at 
some specified corner of each forty, a system that later will allow doubling 
the number of wells, if necessary, without disturbing the regularity 
of spacing. 

Much more care in coring producing horizons is being taken 
than formerly. 

The use of Schlumberger apparatus was first applied in Wyoming 
during 1936. Geophysical methods of prospecting for structure are 
becoming prevailing practice and now are widely used in the state. More 
than a dozen seismograph crews were in operation in Wyoming during 
the field season of 1936. Several important geophysical highs will be 
tested in 1937. 


TaBLE 2.—(Continued) 
Important Wildcats Drilled in 1936 


Initial Produc- Choke Pressure, Lb. 
tion per Day or Bean, per Sq. In. 
Drilled by vis as tons Remarks 
U.S. [Millions Tnoh | Casing | Tubing 
1| Julius Peters et al. 200 1.5 FP 2 i 
2| Mountain Fuel Supply 7.2 ar 760 ns set pry 
3 | Union Oil Co. None None Dry in Sundance, 
4) Medicine Bow Oil Co. 25 1000 Discovery well. 
5| Wyoming O. & R. Co, Small dome; dry. 
6 | Stock mot Gp, 1600 0.2 \% 1000 600 | Extends field. 
7 | General Pet. Co. Incomplete Discovery well. 
8 | Yale Oil Corp. 135 Pump New field. 
neers || Mel |g | 5 | eemimngontin 
11 | California Co, None | None ml Gama: dry. 
12 | Ohio-California Co. 2299 16 ? 2000+ 500+| New field. 
13 | Sinclair Wyo. Oil Co. Incomplete Oil discovery. 
14 | General Pet. Co. None | None Important failure. 
eo | ae | Siem ves 
17] Sinclair Wyo. Oil Co. | 2000 p} jae dll ahoueeceae rong 
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Developments in the Petroleum Industry in the Argentine 


By GuImLtermMo HitreMan* 
(New York Meeting, February, 1937) 


ProsaBty the outstanding feature of the oil industry in the Argentine, 
during the past year, was the increase in production from the Comodoro 
Rivadavia field. This increase was accounted for by the discovery of a 
deeper producing horizon in the old coastal field (zone A). The oil, 
derived from the deeper sands, served not only to balance the natural 
decline of the upper sands and increase the yield from the area, but 
also provided a product of comparatively superior quality. 

The finding of this new production in the old field had a special eco- 
nomic significance because of the pumps, tanks and pipe lines already 
installed to take care of it. The deep horizon is looked upon as a life 


TaBLE 1.—Ouil and Gas Production in the Argentine 


Total Gas 
Eee Forres Total Oil Production, Bbl. Production, 
- Millions Cu. Ft. 
Field, Province or Territory Daily 
Oil To End of | Duri Doring | “ase |'To End! Duri 
‘o End o uring uring | age | To En uring 
s 23| and | Total | “" 1936 1935 1936 | during] of 1936] 1935 
s 22 Gas 
is st 
z =e 
g g 
Comodore Rivadavia, Terr. 
t 
1 Zone a 5 pasbithatatorp tte euch ott das 29 | 12,350 | 12,350 | 88,507,911) 5,161,391) 5,941,163} 16,656) 140,121) 11,450 
2 JAGAN BES area DOR CRETIOCOe 12 | 14,820 | 14,820 | 27,423,488) 5,038,025) 5,527,325) 16,486) 19,419) 4,833 
3 VASE OF ac sanado te See irae 20 | 3,458 | 3,458 14,519,052} 1,192,722) 1,083,459} 2,661) 8,305) 1,347 
4 Wine) DISSE tere alte, oftts sate = 3 24,362 14,286 610 
i Terr. 
5 ie : sd a! ae Salt its 267 267 1,467,984 72,045 80,474) 208) 1,255 128 
6 NSE ART OO OAR OAG 10 | 1,082 | 1,082 2,302,183 292,837 342,641] 1,000} 4,858 835 
7 BOIS Oo seeh cioke care etka ao 12 494 494 8,288,427 554,400 599,645) 1,635] 7,564 818 
8 ODORS fone sensei nie mrct Oieoi8' 2 25,396 2,163 23,235 75 777 
: 4 . Salt 
9 aia ag abe : ae Re cinerete 10 494y| 494y) 3,077,760 265,029 315,972} 1,025} 4,560 639.6 
10 Zone San Pedro........... 8 247y| 247y} 6,130,235] 1,447,952} 1,321,718) 3,070) 6,947) 1,508.3 
11 Zone Agua Blanca......... 10 62y 62y 671,131 197,745 127,316) 277 
12 ae Betaictcsiaanie 5 y y 84,198 20,241 39,652 232 
13 EPMpUN AGO. qyrcbieie siete e1are ess 2 y 7] 37,797 16,209 19,700 107 
14 El Sogneado. 2.66.0... 06+ 11 y y 210,998 17,253 20,776 88 
Like RL Oba iste. eine eed 33,274 | 33,274 | 152,770,722| 14,292,298) 15,445,680 193 806) 21,558 .9 


2 Footnotes to column heads and explanation of symbols are given on page 291. 


Manuscript received at the office of the Institute Feb. 15, 1937. 
* Chief, Servicio Minero, Direccién de Minas y Geologia, Buenos Aires, Argentina. 
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saver for the Yacimientos Petroliferos Fiscales (the Government oil com- 
pany) and it is actively prosecuting the development of the new produc- 
ing sands. 

In zone D production was temporarily suspended. 

The Plaza Huincul area showed an increase in production largely 
from the areas controlled by Y.P.F. 

The Baguales area, lying to the northeast of the old fields at Plaza 
Huincul and controlled by the Government company, has excited con- 
siderable interest, though so far production cannot be classified as having 
attained commercial status. 

Production during 1936 diminished in Salta. No new pools were 
found, though exploratory drilling was extremely active. This activity 
is being carried on into 1937. 

Astra, a local private company, after drilling four wells in the Cerro 
Colorado area, in two of which small shows of gas were encountered, has 
given up its leases and retired from the province. 

Production in the Province of Mendoza registered a small increase due 
largely to a number of shallow wells (of small production) drilled on the 
monocline off the granite of Cacheuta Mountain. 

In the Territory of Santa Cruz, Y.P.F. drilled in a well, 8 km. north 
of the town of Las Heras, which, at a depth of 769 m. gave an initial 


TaBLE 1.—(Continued) 
Total Gas 


: Depth . : 
Production, . * | Oil Production Methods Pressure, 
Millions Number of Oil and/or Gas Wells a at End of 1936 Lb. per Sq. In.d 
n Feet 
Cu. Ft. 
ee D i 
| | “age | At Bnd of 1986 | |g | Number of Wells age 
3 Z Seite 
Ly | 3 3 
3 = q 2 oe 
rh es fa {5 pals Aa | 3 |_| Initial 
z =| geo/8 [3/2 ee we lee] 2) S3|% ee 
0 Si2 |3)8 |sAlssls5| SS) dela |e] 2 lelSisé 1935 | 1936 
a g ae Bo] 8) 2 /as/35 lsalezls Sh Ss Vici al Epa ee Bs 
2| 2 | oz |82| 8 | 2 |ea/23 (al 82/22 [cs 2] 2 lalaies 
a. Al] s# |8"|5/4 E24 leo] 8 jar le |] = am 
1 | 9,148) 27 2,235} 63) 6 | 270) 1,646] 18 | 1,664] 2,100) 1,950} 21 | 1,583] 33} 9} 28 | 1,030 30.0} 30.0 
2 | 4,450) 14 379} 83) 1 60} 231] 10 241) 3,600) 2,950) 16 206 9 730 35.0} 35.0 
3 989| 4 602} 69) 8 | 113] 328) 13 341} 2,170) 1,970 298 30 300 15.0] 15.0 
4 5 1 2,650) 2,300 55.0) 55.0 
5 491} 0.42 84 3} 12 10 49 49} 1,970} 1,800 49 5 150.0} 70.0) 65.0 
6 597} 2 126) 21] 10 18 93) 4 97| 2,400) 2,170); 9 84 1 210.0} 118.0] 105.0 
ai 636) 2 211 2} 10 29] 135) 8 143) 2,790} 2,460 135 10 180.0} 70.0) 70.0 
8 veya, al 3 1 1 2] 1 3| 3,300) 3,280) 1 1 40.0 0 0 
9 706} 1.9 148 9} 2 18| 113 113] 1,770] 1,470) 1 98} 12) 2 60.0} 60.0} 60.0 
10 | 1,842) 1.7 37 2 19 19} 2,800} 1,790} 11 6; 1 600.0} 580 500.0 
ll 6 ‘ 5 5} 2,460] 1,500} 1 3} 1 
12 30 8 15 15] 2,000} 1,996 13 2 
13 12 6 2 10 10] 1,280] 1,276) 8 1 1 
14 552) 547 
15 | 19,136 3,978) 268} 49 | 521] 2,545) 54 | 2,700 68 | 2,477| 47] 52) 44 
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production of 63 bbl. The commercial importance of this discovery is 
being corroborated by further drilling. 

It is worthy of mention, in connection with the activities of the 
Government company, that Y.P.F.’s production during the year 1936 
reached a new peak of 1,140,188 cu. m., which represents an increase over 
1935 of 196,342 cu. m., or 20.8 per cent. 

The net increase for the country at large was due to increases at 
Comodoro Rivadavia, Plaza Huincul and Mendoza, less a decrease in Salta. 

At the close of the year a sales contract was signed between the Y.P.F. 
and the Standard Oil Company of the Argentine, whereby the latter 
agreed to sell out all its interests (producing, refining and marketing) to 
the Government company and retire from the Argentine for 15 years. 
The purchase price agreed on amounted to P 140,500,000 (Argentine 
pesos), or approximately $42,500,000 U. S. currency. The deal, how- 
ever, is subject to Presidential and Congressional approval. 


TABLE 1.—(Continued) 


Character of Oil, Charac- . Deepest Zone 
Approx. Average ter of Producing Rock Tested 
during 1936 Gas, to End of 1936 
Approx. 
Average 
Gravity A.P.I.|, during Ne 
at 60° F. 1936 3 a 
8 oF Name Agef gm A >3| Name 
Bl algigel g] [g.(s? Bless & lec si 
z|B| & lBeleol, |ceios elelee| 2 ee Ae 
ol 2| 2 (S8lesthlealee EZ! & feee a3 
|) |S S42" 8 lacis & Simia | 4 Bee am 
1 |24.0/20.6/22.0/0.18| M| 854/0.51| Chubutiano and | Cre Ss | Por} 29y| AF 119 | Chubutiano | 4,060 
Glauconitico. é 
2 |34.6/20.5/28.0/0.18) M| 854)0.45 Cae and | Cre Ss | Por} 33y] AF 88 | Chubutiano | 5,880 
auconitico. - 
3 |21.3/19.0/20.0/0.18) M | 850)0.12 seoubese and | Cre Ss | Por| 13y| AF 90 | Chubutiano | 2,370 
+ auconitico. F 
4 |23.2/23.2/23.2/0.18) M| 850)0.20 oe and | Cre Ss | Por} 26y| AF 3 | Chubutiano | 3,150 
lauconitico. 
5 1384.4/33.4/34.0/0.20| M| 905]1.54| Dogger JuM S| Por} 39y} MU, AF} 21 | Dogger 2,500 
6 |34.2/33.0/33.8/0.20] M]| 905|1.12} Dogger JuM S | Por] 33y| MU, AF 7 | Dogger 5,550 
7 |34.2/33.0/33.8)0.20] M| 905/1.11]} Dogger JuM S| Por] 33y| MU, AF} 28 | Triassic 2,900 
8 |34.0/33.0/33.6/0.20) M} 905 y| Dogger JuM S| Por] 25y) MU, AF} 2 | Triassic 3,820 
.0/43.9/44.0/0.10] P | 917|/0.84) Clay grit series | Per Carb | Ss | Por] 33y) A 31 | Gondwana | 4,202 
10 180 44.7/45.0/0.10| P | 917|0.84| Clay grit series | Per Carb] Ss | Por| 29y) A 8 | Gondwana | 3,200 
11 |23.2|22.8/23.0/0.10] P | 917/0.30| Clay grit series | Per Carb} Ss | Por} 20y) A 4 |Gondwana | 3,010 
.0/28.0)0.14] P Red beds CreU Ss | Por} 13y| AF 4 | Triassic U | 3,550 
" 230 alps 32° 0.11] P Calchaquefio Ter Ss | Por} 16y| AF Cretaceous | 1,620 
14 |13.0}11.0/13.0}1.20) A Ranchhouse Ter Ss | Por} 13y) MIF 
15 |- Conglomerate 
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TaBLe 2.—Summary of Drilling Operations in the Argentine Republic 


ba Location Well 
1| Chubut....| Comodoro | T4 
Rivadavia 
2| Chubut....| Comodoro | T34 
Rivadavia 
3 | Chubut....| Comodoro | 897 
Rivadavia 
4| Santa Cruz | Las Heras | No. 4 
5 | Plaza Huin- 
ules. Neuquen | N.E.4 
Bi Saltany «c.c Campo C.D. 4 
Duran 
alts Sh Vee 5 Campo C.D. 5 
Duran 
8 | Salta Tranquitas | T. 64 
9 | Salta Candelaria | C. 1 
10) 'Salta...:... Lomas d. No.1 
olmed 
11) |, Salta...) ce Tomasito | No.1 
12'| Salta... La Cruz 282-U-No. 1 
13)|'Saltas. ...- La Cruz 289-G-No. 1 
14'\ Jujuy... .:. Rio Dorado| 294-G-No. 1 
15 | Jujuy...... Cerro Colo-| No. 3 
rado 
16) Jujuy:..... Cerro Colo- | No. 4 
rado 
1741 SQN eee Saladillo de | J.E. No. 1 
la Brea 
18 | Jujuy...... Saladillo de | J.B. No. 1 
la Brea 
19 | Jujuy...... Saladillo de | J.B. No. 3 
la Brea 
20 | Jujuy...... Saladillo de | J.B. No. 5 
a Brea 
21) Jujuy...... Saladillo de | J.B. No. 7 
la Brea 
22 | Mendoza...| Pampa PA. No. 1 
Amarilla 


Important Wildcats Drilled in 1936 


Initial Produc- 


tion per Day 
Total | Surface Deepest Drilled 
Depth, : Horizon ; Remarks 
Meters Formation Tested by Oil, | Gas, 
U.S. | Millions 
Bbi. | Cu. Ft. 
1790 | Miocene Senonian | Y.P.F. es well. 
y. 
1353 | Miocene Senonian Y.P.F. 629 
1279 | Miocene Senonian | Y.P.F. 629 
769 | Miocene Senonian | Y.P.F 63 
1061 | Senonian | Trias VEE: 150 
1402 | Tertiary Terciani YPa Abandoned. 
(Pli) oe Dry. 
i) 
1947 | Tertiary Terciani YP; Drilling. 
(Pli) ogee 
) 
1074 bid Permo Carb! Y.P.F. 75 
1525 | Tertiary Trias Standard Abandoned. 
(Pli) Oil Co. Dry. 
915 | Miocene Oligocene | Standard Abandoned. 
Oil Co. Dry. | 
822 | Tertiary Tertiary Standard Changing to 
(Pli) Oil Co. rotary. 
697 | Miocene Trias Ultramar Suspended. 
1175 | Miocene Trias Galena- Drilling. 
Signal 
320 | Tertiary Eocene Galena- Suspended. 
(Pli) Signal 
1089 | Trias Silurian Astra Show | Abandoned. 
500 | Trias Trias Astra Abandoned. 
1925 | Tertiary Trias Y.P.F. Dry in lower 
(Pleis) horizons. 
Shows in Cre- 
: taceous. 
1500 | Tertiary Cretaceous | Y.P.F. Drilling. 
(Pleis) 
1582 | Tertiary Cretaceous | Y.P.F. 31 Noncommer- 
(Pleis) cial. 
1065 | Tertiary Trias W.P.es Dry and aban- 
(Pleis) doned. 
930 | Tertiary Tertiary BBN Drilling. 
(Pleis) (Pli?) 
1200 | Cretaceous | Oxfordian | Y.P.F. Drilling. 


Number of wells drilling Dec. 31, 1986...............c.00 cece 53 32 
Number of oil wells completed during 1936.............0.0e000: 268 5 
Number of gas wells completed during 1936..............0.0005 | 
Number of dry holes completed during 1936..............0. 0005 8 8 


Petroleum Developments in Austria, Hungary and 
Czechoslovakia during 1936 


By Brannon H. Grovn* 
AUSTRIA 


In Austria’s only producing field, at Zistersdorf, Erdoel Produktions- 
gesellschaft completed a single new producer, its well Gésting 6 coming 
in early in October for an average production of about 15 tons daily. 
For further testing within the proved part of the field this company’s 
Goésting 7 was at the close of the year drilling in Pannonian strata at 
760 m., and its Gésting 8 was rigging up. 

Outside of the proved area of the Zistersdorf field two further tests 
located on the Steinberg dome failed to find production in the known 
oil-bearing strata of the Sarmatian, and were deepened as wildcats into 
the Cretaceous Flysch. The first of these, Neusiedel 1, about one 
kilometer north of the known producing area, found oil in the Flysch 
beds at a depth of 1290 m. for an initial production of about 10 tons per 
day. The second test, Windisch Baumgarten Ia, is an old well previously 
considered a failure, which when deepened achieved a production of 
about 5 tons per day in the Flysch Inoceramus beds at 985 m. Neither 
of the foregoing wells is producing from a stratigraphically definable 
horizon, oil accumulation in the Flysch of this area being apparently 
controlled by tectonic breccias or related crevices. 


Tasue 1.—Oul and Gas Production in Czechoslovakia and Austria 


Total Oil Production, Barrels 


Aves Proved, Acres at 1 Metric Ton = 7 Bbl. 

Age, ses 

Country, Field pe : S S 

ts of 1936] ,.. | Ol 8 Real pew o®. 

& Oil | and | Gas | Total eS oO 8 £6 

Gas@ ro) S ce 22 

; Bos) pela | oe 

a g 2 | 8 | be 

g ° EI 5 & He} 
a cal QA i=) 

1 | Czechoslovakia, Ghely (Hgbell)..........--45+- 23 ||.360))  ¥ y 350 | 1,927,520 | 68,978] 79,191 y 

2| Czechoslovakia, Hodonin (Géding).......-.-.-- 17) | 200) y 250 811,878 | 64,343] 56,622 y 

B WANS tTias ZIStensQOny iaercswritnr visit = tole ait mie = Ke 30!} 0 0 30 125,111 | 44,163] 48,314) 217 


a Footnotes to table heads and explanation of symbols are given on page 291. 


Manuscript received at the office of the Institute March 13, 1937. 
* Socony-Vacuum Oil Co. Inc., Hamburg, Germany. 
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During the early part of the year well RAG 1, drilled by Rohdl 
Gewinnungs A.G. (Vacuum-Shell combination), adjacent to the southern 
margin of the proved area of the Steinberg dome, found shows amounting 
to nearly 20 tons in 48 hr., in the Sarmatian at 1021 m. The well was a 
technical failure, however, because with withdrawal of oil the thin shale 
bed above the producing sand progressively collapsed, permitting flooding 
from an overlying aquifer. Three successive high-pressure cementings 
were unable to correct this condition. The same company’s RAG 2, 
begun in September, was at the end of the year engaged in fishing 
for a drill stem and bit which were frozen to a depth of 1389 m. This 
well, located lower on the structure than RAG 1, found the first seven 
Sarmatian sands water-bearing, but still has definite chances for pro- 
duction from underlying sands. 

Elsewhere in the Vienna Basin (Fig. 1) the European Gas and Electric 
Co. (Standard Oil Co. New Jersey) drilled three unsuccessful wildcats: 
Podersdorf I, abandoned in basement granite at 376 m.; Enzersdorf II, 
abandoned at 1544 m. after testing the Sarmatian and finding all sands 
water-bearing; and Frauenkirchen I, abandoned in basement rock at 
1625 m. in December. 

During the year an effort was made to obtain further production 
from some of the European Gas and Electric Company’s gas wells at 
Oberlaa, but the attempt was a failure and the field is now completely 
shut down. 

The proved oil reserves of Austria, i.e., of the Zistersdorf field, 
have been estimated as of December, 1936, to amount to 192,000 tons 
(1,344,000 bbl.). 

HUNGARY 


There were no producing oil and gas wells in Hungary during 1936, 
and important drilling was confined to three wildcats undertaken by the 
European Gas and Electric Co. at Inke, Lispe (Budafa-Puszta) and 
Gérgeteg. At the close of the year the well at Inke was bottomed in 
marine Miocene at 2080 m. Its prospects for production are considered 


TABLE 1.—(Continued) 


. Depth, A : 
oe Lat te as Number of Oil and/or Gas Wells hvetage Oil Production Methods | Pressure, Lb. 


in Heat at End of 1936 per Sq. In.4 
During A 
4 1936 At End of 1936 Number of Wells at Sato 
E 5 

i), es rr) © ©1382 De 
q| 3 | 2 | 2 /g2fee| a) 2 eelealeal glee led z 
2) 2] e| # laws] S/S SS;sstsd|_ 3/28 ole8 | | 2] = | =| w) — |rossl096 
| ‘3 |B | 5 ESBS] F |g [selsalSaleelsescesl el ele lala | 
a & | A] 4 BP S89] 3 |< SAE ECRa ger cas! eo sai als 
1) 187y | lly | Ty} yw} 38y| 2y | 2y | 95y) Sy} 5 | 55y 790} 540] y| Sy} vy] yl y 
2 y | 46y | 39y | y | 12y] ly] y vy) 2y| 5] 2y| 485) 425) y yioyvi wv} 2y ; = 7 
3 0 0 00 4, 3] 0 O77) 210 7| 3,444) 2,460} 0 7 Ol) SOA Pee a hry 
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essentially nil, but it is planned to deepen it for geologic information. 
The well at Tee drilled in the Pannonian (Pliocene) throughout, and 
was terminated at 2200 m. still in this formation, after encountering oil 
traces in sandy strata at 1070 and 1440 m. The Goérgeteg well was 
abandoned in June in the basal Pannonian at 2059 meters. 

The only important new well known to be contemplated for 1937 is a 
Government test at Reesk. 


CZECHOSLOVAKIA 


The most important oil development in Czechoslovakia during 1936 
was the success of the Apollo Company’s test near Ratiskowice. Early 
in September this well came in with an initial daily production of 10 tons 
of light, paraffin-base oil under high pressure. The nature of the crude 
indicates that it is derived from the Paleogene Flysch, and emphasizes 
the importance of the oil-bearing possibilities of the Paleogene series in 
the Vienna Basin. 

Other wildcats still drilling at the end of the year were those of the 
Bata shoe company, near Rohatec, and the Government test at Jasina 
(in extreme eastern Ruthenia). The former had reached a depth of 
700 m. in the Sarmatian when last reported, while the Jasina well stood 
at 1100 m., with opinions differing as to whether the bottom formation 
was the Eocene or Cretaceous part of the Flysch. Production prospects 
for both wells are very small. 

No unusual events occurred in the two producing oil fields, Gbely 
(Egbell) and Hodonin (Géding). In the Government-controlled enter- 
prise at Gbely, production from the old field and the new (1934) extension 
together averaged about 40 tons per day. It is necessary to drill about 
two wells per month to maintain it at this level. 

At Hodonin the Apollo Company’s production for the year averaged 
a little over 20 tons daily. 

At Mikova, in the Carpathians, about 20 tons of light, paraffin-base, 
Flysch oil was produced during 1936. This is very similar to the amounts 


TaBLE 1.—(Continued) 


haracter of Oil, Approx. : Deepest Zone Tested 
= Aaicae dering 1936 Character of Producing Rock to End of 1936 
Gas, Approx. 
Average Se 
| Gravity A.P.I.| during 1936 z : 
at 60 F 8 ne 
& jes 
3 5 i Ages ! g a Pee Name 2 
2 Py a < se Name | Age Sie 4B rg 388 = 
8) 8/8 sale S45 1984 3 |Pla<3| 5 [ess oe 
Ze Ege 2] | 25 fe B/G d| 3 ace a3 
4 C See a | Ss] a | 
Sarmat | Mio | SH y 1,066} AF| 6y | Flysch (Hocene?) | 5,122 
; rae is 9 0 oH ae : : - seat Mio | SH 984] AF| 2y | Mediterran (Mio) | 2,411 
32 | 19 22 | y|A,P y |Sarmat | Mio| SS 18| 1,300] AF| 5 | Flysch (Cretaceous)| 4,550 
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produced in the two past years, but it is reported that the Government 
contemplates a serious attempt at development here. 

The proved oil reserves of Czechoslovakia have been roundly esti- 
mated at about 114 million barrels, divided nearly equally between the 
Gbely and Hodonin fields. 


TaBLE 2.—Summary of Drilling Operations in Austria, Hungary and 
Czechoslovakia 


Important Wildcats Drilled in 1936 


Location 
Total | Surface 
Country wpe Formation 
District Lat. | Long. as 


Lower Austria | 48°34’ | 16°25’| 1290 | Pliocene 
Lower Austria | 48°32’ | 16°25’ 990 | Pliocene 
Burgenland 47°48’ | 16°25’ | 167.5 | Pliocene 
Transdanubia | 46°05’ | 16°45’| 2200 | Pliocene 
Transdanubia | 46°15’ | 16°30’| 2059 | Pliocene 
Moravia 48°55’ | 16°45’ 470 | Pliocene 


Austria 
Austria. . 


aoe wore 


Important Wildcats Drilled in 1936 


Fe ete Pressure, Lb. 
per Day nid per Sq. In. 
F oke 
Siegler Drilled by — | of Beaa, —-—_ Ps ee 
Oil, | Gas, In. , 
U.S. | Millions Casing | Tubing 
Bbl. | Cu. Ft. 
1 | Senonian Steinberg Nafta Ges.m.b.H.| 70 4,5 0.468 960 y 
2 | Senonian Raky-Danubia Co. 45 y y y y ; j 
3 | Basement Granite | European Gas & Elec. Co. Dry in basement granite. 
4 | Pannonian European Gas & Elec. Co. Dry, gas shows. 
5 | Lower Miocene European Gas & Elec. Co. Dry. 
6 | Sarmatian Apollo Co. 70 y Yy y y 
Austria Hungary Czechoslovakia 
In Proven . In Proven} yw; In Proven} yy; 
"Viel ae Wildcats Fields Wildcats Fields Wildcats 
3 
Number of wells drilling Dec. 31, 1936............... 1 1 0 1 y 
Number of oil wells completed during 1936. ee 1 2 0 g +40 i 
Number of gas wells completed during 1936... oe 0 0 0 : y , 
Number of dry holes completed during 1936.......... 0 4 0 y 
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Petroleum Development in Bahrein Island and Saudi Arabia 
during 1936 


By J. O. Nomuanp* 


(New York Meeting, February, 1937) 


Bahrein Island.—In 1936 the Bahrein Petroleum Co. continued drilling 
additional wells to further increase production. In all, 39 flowing wells 
have now been finished and five others are drilling. A second well has 
been deepened for prospecting the deeper horizons but has not been suc- 
cessfully completed as a commercial producer. In addition, a well has 
recently been drilled near the eastern limit of the producing area for 
edge-water observation. The present system places wells 3000 ft. apart 
in a rhombic grid, or about one well to 179 acres. The total production 
for the year was 4,644,635 barrels. 

It is expected that refinery capacity of 20,000 bbl. per day will have 
been completed by July, 1937. 

A new permanent and enlarged camp with office buildings is being 
built. A new hospital has been constructed and two additional medical 
men have been added to the staff. 

Saudi Arabia.—In eastern Saudi Arabia, the California Arabian 
Standard Oil Co. has continued with the program of prospect drilling 
started in 1935. After the gas encountered in Dammam well No. 1 had 
been successfully shut off, it was completed as a small flowing well of 
51° gravity oil. Dammam No. 2, which had been started in 1935, tested 
3840 bbl. of approximately 50° gravity oil from a depth of 2175 ft. Dam- 
mam No. 5, before being deepened for prospecting lower productive 
horizons, encountered a gas zone producing 30 million feet. Five other 
wells on the Dammam dome are in various stages of drilling or completion. 
Most of these have been located principally to outline the productive 
area and the various producing horizons of the structure. An extensive 
program of geological work is being continued. 

In June, 1936, a well was started on the El ’Alat structure about 25 
miles northwest of the Dammam development. Although various tar 
showings have been reported, the well has not yet, at 2518 ft., reached 
the depth at which it has been thought that productive horizons might 
be encountered. 

A prospect well is being drilled by the Kuwait Oil Co. (jointly owned 
by Gulf and Anglo-Iranian Oil Companies) in the Sheikdom of Kuwait. 
The well is near Bahra, a few miles north of Kuwait Bay and about 240 
miles northwest of El ’Alat. To date no favorable results at depth of 
about 6000 ft. have been reported. 


Manuscript received at the office of the Institute Feb. 5, 1937. 
* Assistant Chief Geologist, Standard Oil Company of California, San Francisco, 
Calif. 
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Petroleum Development in Bolivia during 1936 


By Jorez Munoz Reyrs* anp Gui~~pERMo Martaca* 
(New York Meeting, February, 1937) 


As far as technology is concerned there has been no development in 
Bolivia during the year 1936, because the country, just emerging from 
the war with Paraguay, is only beginning to rebuild its economic 
foundations. Great steps, however, are being taken in order to secure 
a rapid and sound development of its oil resources, as follows: 

1. The new Petroleum Law, which contemplates the problem of 
proration and conservation of natural resources, prohibiting the wasteful 
use of gas, and regulating the number of wells, their spacing and the 
permissible output per well, for each particular pool according to the 
conditions prevailing therein. 

2. The creation of an official entity with the object of developing 
and exploiting a large petroliferous area. This entity has been called 
Yacimientos Petroliferos Fiscales Bolivianos (Y.P.F.B.), and the region 
assigned to it is all the sub-andean zone, which is approximately one 
hundred miles wide and borders the eastern part of the Oriental Andean 
range, from Argentine to Peru. It is said that drilling will be started 
immediately in various localities. 

At the present time a wide geological survey of part of the area is 
being made in order to find out which regions offer the best possibilities 
of commercial development. Y.P.F.B. has been authorized by the 
Government to draw up contracts with private companies for the exploita- 
tion of limited zones. 


PRODUCTION 


The only company that has been producing in the country in 1936 
is the Standard Oil Company of Bolivia, and only from two of its fields: 
Camiri and Sanandita. New wells were not drilled. 

. During the first nine months of the year 12,762,958 liters (80,275 bbl.) 
was produced, 34,985 bbl. from the Camiri field and 45,290 bbl. from the 
Sanandita field. Reports for October, November and December are 
not yet available. The total for the year 1935 was 25,978,737 liters 


(163,388 bbl.). 


Manuscript received at the office of the Institute Feb. 8, 1937. 
* Direccion General de Minas y Petroleo, La Paz, Bolivia. 
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From January through September the following petroleum products 
were produced: gasoline, Camiri field, 3,233,849 liters and Sanandita 
field, 2,343,161 liters—a total of 5,577,010 liters (3507+ bbl.); avia- 
tion gasoline, Camiri field, 174,384 liters (1096+ bbl.); kerosene, 
Camiri field, 99,540 liters (626+ bbl.) ; and fuel oil, Camiri field, 1,634,- 
205 liters and Sanandita field, 4,029,557 liters—a total of 5,663,762 liters 
(35,622+ bbl.). 


Petroleum Industry in Burma, 1935-1936 


By L. Dupury Sramp* 
(New York Meeting, February, 1937) 


THE years 1935 and 1936 have been momentous ones in the history 
of oil exploitation in Burma. While the possibilities of the discovery of 
an important new field in the country have become increasingly remote, 
there have been surprising and to some extent unexpected developments 
in and near the old established fields. Further, these developments have 
not only an important bearing on the future of the industry in Burma, 
but they point to conclusions of world-wide significance in connection 
with the disposition of oil pools. 


Burma INDEPENDENT OF INDIA 


According to the Government of India Act, passed by the British 
Parliament in 1935, Burma becomes independent of India, of which it 
was formerly a province. In future, therefore, statistics for Burma will 
be quoted separately from those of India. In 1934, 1935 and 1936 the 
oil production in India (including Burma) reached new high levels— 
though only a few per cent above the totals for 1919, 1920 or 1930. 
Part of the increase came from Assam, so that Burma’s total is apparently 
below that of 1921. It must always be remembered, however, that 
Burma’s largest potential producer—Singu—is used essentially by the 
Burmah Oil Co. as a reserve and its production is varied from year to 
year, and indeed from week to week, according to local market demand 
or the requirements of the Rangoon refinery. The figures of Table 1 
must therefore be viewed in the light of these remarks. 


TaBLeE 1.—Production in India and Burma 
IMPERIAL GALLONS® 


Year India (Including Burma) Burma 
Pose Maca ASN... sehr 305,018,751 243,914,568 
Ee ae Steere ee 308,606,031 247,570,295 
INCE eas Cae RESO ee SoeEte fin OF ae 306,009,022 249,000,899 
ORY eS pare Seo nae aes atone 322,025,280 254,760,070 
TICE ere ab es trie aire Saree 322,662,336 251,338,974 
1936 (estimated)............... 335,000,000 268,000,000 


Ol a es I ee ee ee eee 
4 249 Imperial gallons = 1 metric ton of 7 bbl. (approx.). 


Manuscript received at the office of the Institute Feb. 12, 1937. 
* London School of Economics and Political Science, University of London. 
565 


566 PETROLEUM INDUSTRY IN BURMA, 1935-1936 


YENANGYAUNG 


This field has been known and worked for over a hundred years, 
by machine wells since 1888. From the original area of about 1000 acres, 
4,000,000,000 gal. of oil have been obtained and there are over 3000 pro- 
ducing wells. The whole field is electrically operated, the utmost care 
is taken to protect the oil sands from flooding by water, and the con- 
servation of the gas pressures is a matter of first consideration. In the 
‘“‘native reserves,’ with their closely spaced competitive wells, vacuum 
(to a degree agreed upon between the operating companies) is applied, 
while back pressures are applied to youthful wells. On the larger blocks 
leased by the Burmah Oil Co., gas drives are used and gas is also injected, 
both for storage and repressuring. 

In 1926 the geological staff of the B.O.C. made the important dis- 
covery that the fold is slightly asymmetrical, with gentler dips to the 
east. Gradually the deeper sands, which are gas or water sands along 
the superficial crest, have been found to be oil-bearing up to 5000 ft. 
on the eastern flanks. As a result the proved extent of the field has been 
doubled since 1926. 

It has long been known that the field was crossed by many transverse 
or dip faults. The fault planes are often filled by mud (mud veins) 
and many of the oil sands have thus been effectively sealed. This 
accounts for the varying yield of wells often only a few yards apart but 
it has only recently been recognized that considerable oil pools have been 
sealed off far down the southern pitch. Thus separate oil pools beyond 
the old southern limits of the field are now being located and explored. 
The first was detected in 1930, when oil was struck at 4100 ft. south of the 
Minlindaung fault, 114 miles south of the old limit. In 1931 a small 
production was obtained from 5000 ft. a mile still further south. The 
square-mile block (48) between these two strikes has become, in 1935 and 
1936, the chief reserves of the important British Burmah Petroleum Co., 
Ltd., and the Burmah Oil Co. has practiced offsetting on the margins 
of the block. 


SINGU 


This field is probably the richest in Burma. The main part is held 
by the Burmah Oil Co. and the production is varied by it at will. 
Many years ago, the Rangoon Oil Co. took up blocks in the south despised 
by the Burmah Oil Co. because they were some distance away down the 
somewhat steep (8° to 20°) southerly pitch. This area proved a valuable 
reserve of the British Burmah Petroleum Co.—the oil sands occurring 
at depths of over 3000 ft. below an extensive series of water sands. Hence 
this southern extension of the field was located only by deep tests after 
passing through unpromising water sands. 
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It was not, however, realized until recently that this southern pool was 
held up in the same way as the southern pools at Yenangyaung—by cross 
faults sealed by mud. Nearly two miles farther south, an extensive 
pool has been located and is now being actively developed by the Indo- 
Burma Petroleum Co. (I.B.P.) and British Burmah Petroleum Co. 
(B.B.P.), operating jointly as the Pyinma Development Company, Ltd. 
(P.D.C.), and in competition with the Moolla Oil Co. and Burmah Oil 
Co., whose concession is to the east. The width of the new pool is 
still unproved. 

At the northern end the Singu field is truncated abruptly by the River 
Irrawaddy and the Burmah Oil Co. is now embanking a part of the river 
bed, which is exposed in the low-water season, so as to increase its area. 


LANYWA 


The Singu field must obviously continue under the Irrawaddy River 
and the Indo-Burma Petroleum Co. carried on the bold policy of enclosing 
a sand bank, 2 miles long, on the opposite shore by a wall costing a 
million dollars. The work was carried out in three low-water seasons 
(1925-26, 1926-27, 1927-28) and the first well was commenced in 1927. 
By the end of 1933, there were 50 productive wells, and the production 
neared 30,000,000 gal.a year. The wall was extended later to over 2 miles 
and is now (low-water season of 1936-37) being extended still farther. 
The problem of recovering the oil under the actual bed of the great 
Irrawaddy is now being seriously discussed—oblique drilling and wells 
with derricks in tunnels under the river have both been suggested. 

Lanywa is Burma’s model field. Gas from the oil sands and separate 
gas sands is sent first for gasoline extraction at the company’s plant, 
which recovers approximately one gallon of gasoline per 1000 cu. ft. of gas. 
The residual dry gas is used to generate power at a central station, from 
which the wells are electrically pumped and the machine shops operated. 
Back pressures are applied at most wells. 


YENANGYAT AND SABE 


The very old, small and apparently exhausted fields of Yenangyat and 
Sabé have taken on a new lease of life as a result of much drilling activity 
in 1934, 1935 and 1936. At Yenangyat a 3500-ft. sand was discovered 
below 2000 ft. of barren rocks. The field has large gas resources not 


yet used. 
OTHER FIELDS 


The other fields of Burma are all small but their limited production 
has been maintained except in those along the Indian Ocean, where 
production is now negligible. The northernmost field of central Burma, 
Indaw, has been steadily developed and the majority of the wells are now 
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operated by an automatic gas-lift. Attention has recently been paid 
to the extensive gas resources of Burma. The Pyayé gas field, located 
and investigated by the writer in 1923, gave a gas well that yielded 
30,000,000 to 40,000,000 cu. ft. of gas daily for many months before being 
successfully closed in. The gas is now used as fuel in a cement factory— 
the first direct use of natural gas in Burma. 


Petroleum and Natural Gas Developments in Canada during 
1936 


By G. S. Humr* 
(New York Meeting, February, 1937) 


THE total production of crude oil in Canada showed only a small 
improvement in 1936 over 1935, but developments of great importance 
took place in Alberta on the west flank of the Turner Valley field in the 
foothills southwest of Calgary. These have led to renewed activity in 
drilling such as has not been experienced for many years, and undoubtedly 
this will result in a very considerable increase in the oil production dur- 
ing 1937. 


TaBLE 1.—Production of Petroleum in Canada 
Barrels of 35 Imperial Gas = 42 U.S. Gallons 


SE a LT a 
1935 1936¢ 
EN entice Cheeta yee cit Ee nai ee EE 1,245,871 1,307,460 
ORG aT OSes epson cps est pyten ath Ste ON De tere, con 165,041 165,468 
IN GRVPRESRUIIS Wil King etre Sheets 5 ee Red bes ae gaa 13,359 18,377 
INGrtGi Wests MerrisOries:. cic. c-cuuswien be esennie tea sateen 5,115 5,400 
ERO Uae tee he Bees Mice nL SS, eee, cee, Mane ae 1,429,386 1,496,705 


«Production estimated by the Mining, Metallurgical and Chemical Branch, 


Dominion Bureau of Statistics, Ottawa. 


TABLE 2.—Production of Petroleum in Alberta 


1935 1936 
“Raia Vere \WGNU LENE daring eee Ch ESCIy ches iG prc ES Aaah Ren eer rc 1,215,599 1,274,650 
RedaCoulesi bordete. 5.) Mints hie teh sows pain 14,772 17,790 
SER TATTEL Ooo clat Set POO arene ve SS ear Sees 15,500 14,713 
SHIRT norde Sretw seins wok ead ee ear es Aeaeree acre re 310 
Total i ORG os mola GES OOO 8, OTS RE aE aa Re eo 1,245,871 1,307,463 


The production of petroleum in Canada for the last two years is given 
Production in Alberta is shown in Table 2. 


in the accompanying tables. 


Manuscript received at the office of the Institute Feb. 4, 1937. 
* Geological Survey of Canada. 
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TaBLE 3.—Production of Natural Gas in Canada 
Thousands of Cubic Feet 


1935 1936 
Albertats.3h2eab to ree 15,700,000 16,843,957 
Saskatchewan susis: saci oe tits roel rae toetome 75,558 90,739 
Manitoba sah slte.tet-te sire ceeateck nee eae oiecteicerienraclets 600 600 
Ontario x i2 <3 bts ose ardent beg eRe eee 7,800,000 9,410,730 
New Brunswick’ <..c sc sie ie clewtis etexeioter stoned teseasvoker iota 615,454 601,850 
Total oahu Said dec keh eee eee Ree 24,191,612 26,947,876 


The outstanding petroleum development in Canada during the year 
was the completion of the Turner Valley Royalties well on the west flank 
of the southern end of the Turner Valley field, Alberta, southwest of 
Calgary. This well reached the top of the producing Paleozoic limestone 
at a depth of 6396 ft. and was completed in June at a total depth of 6828 ft. 
The well initially flowed 850 to 875 bbl. of 44° A.P.I. gravity oil and 
2000 M. cu. ft. of gas per day. Since that time it has been cut down to 
about 750 bbl. a day, and this flow has been steadily maintained. As is 
known, the wells on the higher structural parts of the Turner Valley field 
mainly produce natural gas with a variable amount of high-grade naphtha. 
For the past six years, however, model No. 1 well! on the west flank of 
the north end of Turner Valley and 12 miles distant from the new Turner 
Valley Royalties well has produced crude oil. The oil from this well 
originally was 68° A.P.I. gravity as compared with 46° A.P.I. gravity at 
present. This well over a period of 614 years to July 1936 has yielded 
322,909 bbl. of oil. The finding of crude oil on the west flank of Turner 
Valley in the south end of the field, therefore, was not surprising, but the 
size of the well has attracted wide attention and has led to much drilling 
activity. One of the remarkable features of Turner Valley is the relief 
of the producing zone of the Paleozoic limestone within the field. The 
highest structurally located well in Turner Valley, namely Royalite 
No. 14 well, reached the top of the Paleozoic at a depth of 3220 ft. or 
786 ft. above sea level, whereas Turner Valley Royalties well reached the 
same horizon at a depth of 6396 ft., or 2155 ft. below sea level. Thus the 
relief of the Paleozoic limestone within the producing area has now been 
proved to be 2941 ft. with the lower limit of the oil zone not yet reached 
on the west flank. 

Since the completion of Turner Valley Royalties well in June, two 
other crude-oil wells, Foundation Royalties No. 1 and Sterling Pacific 
No. 3, were completed in 1936. Neither of these wells is quite as low 
structurally as Turner Valley Royalties well and neither has so far given 


1 See J. S. Spratt and V. Taylor: Bull. Can. Inst. Min. and Met. (Nov. 1936) 715. 
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as large a daily yield. Experiments have been tried with various sizes of 
tubing to increase the flow but as yet no official production figures have 
been published. During 1936 there were 9 wells completed in Turner 
Valley and at the end of the year there were 10 drilling, with permits 
having been issued for several more to begin immediately. 

Outside of Turner Valley there were several areas in the foothills where 
drilling was done. On the Jumpingpound structure west of Calgary, 
the Northwest Company Limited drilled two wells in an attempt to find 
crude oil in the upper Lower Cretaceous strata. Both attempts were 
unsuccessful. In the Red Deer foothills area, 60 miles north and 60 miles 
west of Calgary, close to the mountain front, Hunter Valley well con- 
tinued drilling throughout the year. A depth of 6965 ft. was reached and 
the well is now reported to be close to the top of the Paleozoic limestone. 
A much greater thickness than expected of Lower Cretaceous strata was 
present in this well, but as far as known no faults of any magnitude have 
been encountered. Shows of oil and gas have been reported but none 
of these has been tested. 

In the Plains area a well began in the Alberta syncline east of the 
foothills. It reached the top of the Paleozoic at 8750 ft., but has not 
yet been completed. This is the deepest well to date drilled in Canada. 
Drilling has been continued in a number of other areas on the Plains but 
no new fields were discovered nor were there any completions in the 
older producing fields. 

There was no drilling for oil in the Northwest Territories during 1936. 
Two wells on the banks of Mackenzie River, 50 miles north of Fort Nor- 
man and about 100 miles south of the Arctic Circle, are producing 
sufficient oil to supply the demands for local use and for the mineral 
developments now taking place on Great Bear Lake. A small refinery is 
operated at the wells during the summer months. 

In the southwestern peninsula of Ontario between lakes Huron, Erie 
and Ontario, the search has been for natural gas rather than for oil. The 
Brownsville field, in Oxford County near Tillsonburg, was discovered 
late in 1935. The most outstanding development in Ontario in 1936 has 
been in this field; 14 wells have been completed, of which 11 produced 
gas. The daily open flow of the field amounted to 15,604 M. cu. ft. per 
day of which the largest well was 4300 M. cu. ft. The producing horizon 
is the top of the Guelph (Silurian) formation at a depth of 895 to 915 ft. 
In Dawn Township, Lambton County, a gas well with a capacity of more 
than 20,000 M. cu. ft. was completed. During the year the city of Lon- 
don was supplied with gas from the Dawn field. 


Petroleum Development in Colombia during 1936 


By O. C. Wuerever,* Memper A.I.M.E. 
(New York Meeting, February, 1937) 


THERE was a marked increase in the investigation of undeveloped 
areas in Colombia during 1936. The Shell company commenced geo- 
logical and geophysical investigations on an intensive scale in the Upper 
Magdalena Valley and at the end of the year had several geological and 
geophysical parties working in that area. These investigations were 
supplemented by aerial photography and it is understood that negotia- 
tions are under way for having this work continued. The Shell is reported 
to have acquired some options and leases on private properties in the 
Upper Valley region and in the western part of Cundinamarca. The 
Socony Vacuum was making preparations to begin seismograph work on 
its property north of the Sogamoso River, acquired in 1934 from Sefior 
Luciano Restrepo. This company will probably start drilling on the 
property during 1937. The Richmond Petroleum Co. (Standard of 
California) is said to have renewed geological investigations in the Upper 
Magdalena Valley above Honda. Local Colombian interests took an 

-active part in applying for concessions on nationally owned lands in the 
area between the Carare and Magdalena Rivers. The application of 
the Sociedad National del Carare for a concession in this area was granted 
during the year. Subsequently an agreement was reached between this 


TABLE 1.—Oil and Gas Production in Colombia 


Area 
. : Total Gas Produc- 
hidbes Total Oil Production, Bbl. tion, Millions Cu. Ft. 
wo 
8 
f S 
Field, County Z <3 
in 8 e-| 8 
a 3 a 19 © ab = 
4 : s | # | & |'2) 3/28 | 8 
o 
4 ee be 2 e jet) a |2|2 
d| - ‘S ms 7 5 
a Hele pos a aad Eas cod =e 
1 Infantas, SORT CR on sais wsoninan 18} x} x | 106,254,575] 6,937,962] 6,364,429 | 16,703] 127,124] 12,335] 12,041 
2 | La Cira, Santander..............- 10} «| 2x | 79,569,072 | 10,659,692 | 12,391,680 | 34,257] 88,905] 11,494| 16,416 
3 | Petrolea, Santander del Norte...... 4 
4 | Rio de Oro, Santander del Norte... .|16 
5 | Las Monas, Santander............ 9 


1 Explanation of symbols is given on page 241. 


Manuscript received at the office of the Institute Feb. 17, 1937. 
* Chief Geologist, International Petroleum Co. Ltd., Toronto, Canada. 
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company and the Tropical Oil Co. whereby the two would jointly test 
the property. 

Colombian Petroleum Company.—Holdings of this company (Gulf 
- interests) were acquired during the year by the joint interests of the 
Texas Company and the Socony Vacuum. Most important of the 
properties that went with this transaction was the Barco Concession. 
An interesting account of the history and development of this concession 
appeared in Oil Weekly, (Dec. 21, 1936). 

The summary of developments on this property during 1936 was not 
received in time to be included in this paper. Drilling was continued, 
however, both on the Petrolea and on the Rio de Oro structures. The 
most important development was perhaps on the latter, where Oro No. 2 
was abandoned at a depth of 6717 ft. Oro No. 3 was reported to be 
drilling below 5000 ft. It is understood that 13 wells have been drilled to 
the end of 1936 on the Petrolea structure, most of which were productive. 

Tropical Oil Company.—Completions by the Tropical Oil Co. con- 
sisted of 45 wells, of which 44 were productive and one a failure. In 
addition, one of the wells in the La Cira field that previously produced 
from a shallow horizon was deepened to the C-zone. The abandoned 
well was drilled in the Infantas field as a test of the Cretaceous series. 
Drilling operations were suspended at a depth of 4048 ft., owing to the 
presence of salt water. Another location has been made to test the 
Cretaceous on the Infantas structure. 

Operations were continued on the Tropical’s Putana concession. 
Well No. 1 Lisama had reached a depth of 4729 ft. at the end of the year. 
The second well, No. 2, was drilled for a source of fuel oil and was com- 
pleted as a small producer at a depth of 2793 feet. 

Production from the Infantas and La Cira fields amounted to 18,756,- 
109 bbl., of which 272,385 bbl. was petroleum condensate added to crude. 
Production was at the highest level since 1930. A substantial part of 


TaBLE 1.—(Continued) 


Ta Ge aes eh Depth, Average in Feet Oil ~~ ee ee Pressure, Lb. per Sq. In.¢ 
During | At End of Number of | 
1936" 1936 ; Wells Apereee st End of 
Bottoms of | To Top of — 
Ebene - eve per 3 Tnitial 
wei] neg oo Ife oo Wells one REI 
G\eg| a | S Be SOla3 2 |e /s 35 
3\88| 8 | 8 8883) se S18] a) s ee 
es Sell Sli ae |e e/&£/s/4 (4 
1| 452 1| 112 1,000-2,600| 400-2,200 |) | 5011 0| 0| 30] « a a 
2| sel 481 0| 65 \ 533 } 533) "’600-4,180| 400-3,980 \ 32 16 | 950-1,450| 600-1,400| 500-1,400 
3 
4 . 
5 9 O'} 660 Shut in £ x x 
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the year’s production was obtained from upper sands that formerly had 
been cased off in the C-zone wells. These upper sands, known as the 
B-zone, were opened by gun perforating. In addition to adding to the 
production of the field, the oil from these upper sands was effective in 
reducing the gas-oil ratio of production from deeper sands, so that a 
number of the wells that formerly had been closed in to prevent gas 


wastage were opened up. 


TABLE 1.—(Continued) 


: Deepest Zone 
Character of Oil, Approx. : be 
Average during 1936 | Character of Producing Hock fone ee nd 
is ee es AD PrOxs 
: Average 
Gravity A.P.I. during 1936 3 
at 60° F. Sa 
zs 
7 < . 3 te 
= Name Agef To £o | Name| _° 
i g g » ad i? He : Ce oe 
Bae @ ;| @ S| < |7o] 2 ‘ 
z|\a| 2 |Selse| , | 8 | ds 3|2|22| 2 |Bzs 
2| 2 | 8 Sess] 8 | 2s) as 3| £ | sf] 2/882 
S/S) 3 ee4] 8] ae | 5 > S| a |ae | a fa=s 
1] 36 | 23 |26.3/0.90) A | 1,050 A, Band C zones | Oli, Eoc | S |15-22)50-200) AF| 13 | Cre 4,048 
: 27 | 20 |24.0/0.90) A | 1,050 A, Band C zones | Oli, Eoe | S |15-25/50-175) AF 1 | Cre 3,536 
4 
Bley ey are Niapent AL z y Eoc,Cre|} S| y y A 4 |CreU | 5,434 


Production of Oil in Egypt in 1936* 


(New York Meeting, February, 1937) 


Tue Hurghada field is still the major producing field in Egypt. 
There was almost no activity in the Abu Durba field during 1936 and no 
new evidence is available. The following table summarizes the informa- 
tion on the Hurghada field for the year 1936. 


Huresapa FIrip 


Age of field to end of 1936, years................... 23 
Producing area for gas and oil, acres................. 1,050 
BaRRELs! 
Total oil production to end of 1986.................. 29,046,572 
Wotalvoullproduetionsdurime 1935) nu... ao ee 1,212,182 
‘Rotalolsproductionsduring 19360. .enei cence 1,218,708 
Daily average during November, 1936............... 3,249 
Miturons Cv. Fr. 
Total gas production (Aug. 1925 to end of 1936)...... 3,966 
Total gas production during 1935.................:- 278 
Totalsgas production during 1936), 9.2.25) -04-fae.oc 280 
IM ENscheokovaarwe eyihie rial WESRY Woes. og hea Sean Rony oe oe em 0.9 
Number of producing wells completed to end of 1936... 94 
Number of producing wells completed during 1936... . 3 
Number of wells abandoned during 1936............. 3 
Producingewellstatvend of L936a2h..ccn- emery e toca: 762 
Average depth of bottom of producing wells, ft....... 1,720 
Average depth of top of producing horizon, ft......... 1,598 


_Character of oil, approx. average during 1936: 
Gravity at 60° F., 0.900; base mixed. 
Character of gas, approx. average during 1936: gallons gasoline per 1,000 cu. 


ft:, 6.2: 
Producing rock (main): Nubian sands, Cretaceous; character, sand rock and 


sandy shales. 
1 The figures given by the author were in tons. _ A conversion factor of 6.98, based 
on 0.900 sp. gr., was used to obtain the number of barrels.—Ed. 
2 All pumping. 


* Information received through the courtesy of the Controller of the Egyptian 


Department of Mines and Quarries, Dawawin P. O., Egypt. Figures received 
Feb. 2, 1937. 
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Oil and Gas in France and French Colonies in 1936 


By H. pe Cizancourt* 


As in former years, Pechelbronn, in Alsace, was the most important 
producer in 1936, with 484,453 bbl., of which 283,151 from drilling and 
201,302 from mining showed a slight increase in comparison with the 
preceding year. 

Gabian, in France and Tliouanet, in Algeria, are nearly exhausted. 
At Gabian, four wells drilled in intermittent exploitation produced during 
the year 2893 bbl. Four wildcats, one of which is producing, constituted 
all the activity in research on French territory. 

In Morocco, some wildcats have been drilled in search for new fields 
and exploratory drilling has been done in Tselfat and in Djebel Bou 
Draa in known fields, but the results have been inconsiderable. 

In Tunisia there was a gas outburst in Kebir 1, which is the first 
practical result obtained. 

In Madagascar, the Andrafiavelo region has been left and a new region 
has been tried in Folakara with the Tsimororo. 

In French Equatorial Africa, one drilling is in progress. 


TaBLE 1.—Oil and Gas Production in France and French Colonies 


Number of Oil 
Ar sy bh Total Oil Production, Bbl. and/or Gas 
Wells 
During 
193 
Field ; 
" . To End of | During} During] & . 
F eas] Oil | Total) 1936 | 1935] 1938 | 28 | 38 ¥ 
g $c. SH 3s 3 a 
Zz Ss SF7./45/ 2/8 
: a 33|e3| #3 
Z cia AP=/ 5") 8 [4 
France 
1 Pechelbronn, Bas-Rhin............. 201) 75,350) 75,350) 14,947,912] 538,931) 484,453] 1,277 | 3,856) 57 | 33 
2 Gabian, Hercule, Mapa eten teen 12 14 158,014] 3,233) 2,893 
Algeria 
hotigneg., c.ccicsah totetescies oe 25 30 196,077} 2,663) 2,297 


==; 5 5 1 oe ee ae 
Manuscript received at the office of the Institute March 3, 1937. 
* Compagnie Frangaise des Petroles, Paris, France. 
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TABLE 1.—(Continued) 
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Number of Oil Depth, Oil Production Character of Oil . 
and/or Gas Average | Methods at End Approx. ‘Average Producing Deepest Zone Tested 
Wells in Feet of 1936 during 1936 Rock to End of 1936 
At End o: Gravity A.P.I. 
t End of 1936 Number of Wells at 60° F. 
be £2 2 o 
3 wo fae | as Agef Name 
Seer fee bes ee oe d|aleel3 z er 
2| 86/2 |88|88) 2] 2» | 8| 8 \gzles q of 
e| =| 32 /£3/28| # | 2 | ele ISslesl3 5 = 
S| ae°} a8 |82e3| € | & (3/3 Exes 6 ae 
i 617 617 | 1,850) 1,000) 617 | 3 shafts 17.4135. |25. |0.03| M Oligocene | S | Middle Triassic | 3,135 
ii urassic O 
Triassic D 
2 Triassic D 
3 Miocene i) 
e Footnotes to column heads and explanation of symbols are given on page 291. 
TaBLeE 2.—Drilling Operations in France and French Colonies 
Important Wildcats Drilled in 1936 
: Total Deepest 
Country Location Depth, Horizon Drilled by Remarks 
Ft. Drilled 
EENOO tree shores care Chilly, Hte. Savoie 600 | Lower Cretaceous | Government Drilling at end of year. 
(Urgonien) 
2400 Government Drilling at end of year. 
Pezenas (Herault) 1800 Government ve he completed at 
600 ft. 
Sainte Colombe 3327 Private company Completed in 1936. 
Morocco 
Tselfat 28 Djebel Tselfat 5980 | Liassic (Jurassic) | Société Cherifienne | Completed in 1936: 
des Petroles eight wildcats, dry; 
Beker'2........ 20 km. WSW. Ouezzan 6673 | Eocene Société Cherifienne} seven in producing 
: des Petroles fields. Drilling at 
Ses Ree 6 km. WNW. Fez 2178 | Liassic Société Cherifienne | end of year: six wild- 
des Petroles cats and two in pro- 
Bou Draa 3....| 1km. E. Petitjean 3904 | Liassic Société Cherifienne} ducing fields. Total 
des Petroles feet drilled in 1936 in 
Morocco: 29,200. 
Tunisia ; 
idl. meron 11 km. NW. Tunis 3016 | Lower Cretaceous | Syndicat d’Etudes | Completed. 
et Recherches Pet- 
rolieres 
Debbous 1..... 9km. NNE. Teboursouk | 3828 | Lower Cretaceous | Syndicat d’Etudes | Drilling at end of year. 
' et Recherches Pet- 
2 rolieres 
Webi arouse ace 4km. NW. Bizerte 2825 | Upper Cretaceous | Syndicat d’Etudeg | Drilling at end of year. 
et Recherches Pet- 
b rolieres 
Madagascar : ae 
Tsimororo 1...| 42° 40’ E. 18° 21’ S. 2640 Syndicat. d’Etudes | Drilling at end of year. 
et Recherches Pet- 
rolieres 
French Equatorial 
ica 
Madiela 2..... 10° 00’ E. 1° 43’ 8. 2435 | Lower Cretaceous | Syndicat d’Etudes | Completed. 
et Recherches Pet- 
rolieres we 
Kongo 1....... g° 29’ BE. 1° 32’ S. 1168 | Upper Cretaceous | Syndicat d'Etudes | Drilling at end of year. 
cc saga Pet- 
rolieres 


Petroleum Development in Germany during 1936 


By Wa.trER KAUENHOWEN* 


(New York Meeting, February, 1937) 


GERMANY’s crude-oil production during 1936 totaled 3,112,494 bbl., 
an increase of 5.2 per cent over the 3,007,711 bbl. produced in 1935. 

The official monthly production figures published in 1936 report only 
the individual production figures of the three old established fields, 
whereas since 1936 official reports combine the production of all other 
fields into one figure. According to these published data, and using a 
conversion factor of 1 metric ton equaling 7 bbl., the oil production 


of Germany in 1936 was as follows: 


Percentage of Total 


Field Production in 1936, Bbl. Produchon. 1936 
Niemhap eniduetsae ss cached ire Pane 2,332,862 74.9 
RUS AS eer TIS Bc Big etm OO KS oc 327,845 10.6 
OD ares eete hice Saran orense tats eee ease 161,875 5.2 
Allotherfreld sak. sercegetaeen toe take 289,912 9.3 
3,112,494 100.0 


Manuscript received at the office of the Institute Feb. 17, 1937. 


* Deutsche Vacuum Oel A. G., Hamburg, Germany. 
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Search for Oil in Great Britain 
by D’Arcy Exploration Company Limited* 
(New York Meeting, February, 1937) 


Tue D’Arcy Exploration Company Ltd. has been granted prospecting 
licenses in Great Britain to explore four different types of prospect. In 
the south of England (Dorset, Hampshire and Sussex) the objective lies in 
Jurassic and Lower Cretaceous beds. In an area of approximately 4470 
sq. miles, covering parts of Nottinghamshire, Lincolnshire and Yorkshire, 
the search is directed to testing Carboniferous rocks. In northeastern 
Yorkshire a single license covers structures in which the Permian lime- 
stone will be explored. In Scotland, southeast of Edinburgh, the com- 
pany holds another single license where Lower Carboniferous horizons are 
the objective. 


SOUTHERN ENGLAND 


Among the more important ‘‘indications” that led D’Arcy Explora- 
tion Company Ltd. to undertake a testing program in southern England 
was the discovery of sands in the Wealden (Lower Cretaceous) series of 
Dorset, impregnated with oil residues. Traces of oil and bitumen were 
also found in limestones of the Portland and Purbeck beds of the same 
area. In addition, traces of petroleum had been recorded from Upper and 
Lower Jurassic beds in borings, more especially those drilled in the course 
of coal exploration in Kent and Sussex, and an outcropping oil sand was 
known to occur in Wealden beds near Pevensey in Sussex. 

Besides these tangible proofs that at least some oil has been generated 
in this area, the Jurassic beds, as developed at outcrop in Dorset and else- 
where, include considerable thicknesses of strata that may well be con- 
sidered as possible source rocks of petroleum. A regional view suggested 
that these possible source rocks extended, without great thinning, beneath 
at least the southerly parts of the Weald of Sussex, the South Downs and 
still farther south beneath the English Channel. It appeared, and still 
appears, a reasonable conclusion that, where suitable structural condi- 
tions occur in this tract of country, an oil accumulation of commercial 
value may be found. 

Of the several possible anticlinal structures, those at Portsdown 
(Hampshire) and between Henfield and Steyning (Sussex) were selected as 
sites for the first test wells. The groups of strata which at outcrop sug- 


* Received through the courtesy of the Anglo-Iranian Oil Co., Ltd., London, 
England. ' Manuscript received at the office of the Institute Feb. 10, 1937. 
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gest source conditions are the Kimeridge and Oxford clays of Upper 
Jurassic age, and the Lower Jurassic (Lias) shales. When drilling began, 
the chief outcropping oil residues known were those of the Portland, 
Purbeck and Wealden beds. In these stratigraphic groups it was hoped 
that suitably porous reservoir horizons would be found into which oil had 
migrated from the Kimeridge or even deeper rocks below. The Portland, 
Purbeck and Wealden were thus the first objective, though it was decided 
also to test deeper Jurassic horizons down to the base of the Lias. 

During the early stages of the drilling, an outcropping sand in Coral- 
lian beds, exposed near Osmington mills in Dorset, was found to be heavily 
impregnated with oil; the sand, where it passes below high-tide level, was 
found to seep oil of good quality. This discovery further raised the 
prospects of finding an oil accumulation in Corallian beds of Portsdown, 
Henfield and elsewhere in southeastern England. 

The Portsdown test well has now reached the Lias, and the Henfield 
well is in Inferior Oolite limestones. The tests, so far, have not realized 
the best that was hoped from them: they have not found oil in commercial 
quantity in Middle or Upper Jurassic or in Lower Cretaceous beds. The 
deepest horizons of the Lias are still untested. 

The suggestion has frequently been made that the Paleozoic floor, 
which beneath London lies within 1000 ft. of surface, again rises to com- 
paratively shallow depths under the southern flank of the Weald anti- 
clinorium. Had this been true a great thinning or even complete absence 
of Jurassic beds might have been found in Portsdown and the prospects of 
finding oil in either that structure or in Henfield would have been mate- 
rially reduced. It was the view of D’Arey Exploration Co. that the 
evidence for such a Paleozoic ridge or platform beneath the south coast of 
Sussex was insufficient, and the boreholes have amply justified that view. 

In Portsdown, beneath a normal thickness of Chalk and Gault-Upper 
Greensand, there is only 92 ft. of Lower Greensand, 785 ft. of Wealden 
beds developed in a silt and clay facies with few sands, 251 ft. of Purbeck 
beds similar to those of the Isle of Purbeck, and 80 ft. of Portland beds 
consisting of limestones and muddy sands. From the Lower Greensand 
to the Portland beds the stratigraphic groups are thinner than was 
expected from known thicknesses in surrounding exposures, but deeper 
Jurassic beds have been found in full measure. The succession, in 
descending order, below the Portland beds consists ot: Kimeridge clays, 
1102 ft.; Corallian clays with some marly and sandy limestones, 142 ft. ; 
Oxford clays and Kellaways beds, 442 ft.; Cornbrash limestones, 18 ft.; 
Great Oolite limestones, 341 ft. developed in facies and thickness remi- 
niscent of this group as exposed in the Cotswolds; Fuller’s earth, 106 ft.; 
Inferior Oolite limestones, passing down into sandy limestones which are 
probably in part of Upper Lias age, 431 ft.; Upper Lias clays, 238 ft.; 
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a marly limestone, probably of Middle Lias age, 28 ft. ; and more than 
350 ft. of Middle and/or Lower Lias shales and clays in which the well 
is now drilling at 5792 feet. 

Traces of oil have been found in cuttings and cores from Lower 
Purbeck, Portland, Kimeridge, Corallian and Oxford clay horizons. In 
deeper beds chloroform tests have yielded slight traces of oil or other 
bituminous matter, and some samples have shown in fluorescence under 
ultraviolet light, but formation tests have yielded no flow of oil. 

_ The Henfield well drilled into Wealden clays and penetrated 920 ft. of 
that series. The lowest 280 ft. were dominantly sandy and have been 
correlated with the Hastings beds of the central and eastern Weald. No 
appreciable sign of oil was found in these sands and a formation test 
yielded a flow of water with a 35 lb. per sq. in. closed-in pressure. 
Beneath the Hastings beds, 520 ft. of clays, with limestones, bituminous 
shales and beds of anhydrite in the lower parts, have been regarded as 
Purbeck beds. These overlie 98 ft. of Portland beds, which are followed 
downwards by 1082 ft. of Kimeridge clays; 299 ft. of Corallian beds, again 
chiefly clays or marly limestones and without any good reservoir sands; 
565 ft. of Oxford clay and Kellaways rocks; 13 ft. of Cornbrash limestones; 
207 ft. of Great Oolite limestones; 118 ft. of Fuller’s earth and more than 
275 ft. of Inferior Oolite limestones, in which the well is now drilling at 
4093 feet. 

In this well cores and cuttings also yielded traces of oil, as at Ports- 
down, but again no flow of oil was obtained in formation tests. Of 
interest, though not of commercial value, was a small show of gas in the 
top of the Great Oolite limestones. Analysis of a sample showed it to 
contain approximately 73 per cent methane, 19 per cent nitrogen and 
6 per cent hydrogen, but the volume of this show was so slight that it may 
at depth have been entirely dissolved in the salt water with which it was 
associated. 

The original contention that oil may occur in commercial quantity in 
Upper Jurassic or Lower Cretaceous beds of southern England has not 
been completely disproved by the Portsdown and Henfield tests, though 
they have definitely reduced the prospects of a considerable part of the 
area. In so far as Upper Jurassic and Lower Cretaceous horizons are 
concerned, results points to lack of adequate porosity and permeability as 
at least one, probably the prime and possibly the sole cause of failure. 
Wherever samples and cores showed that there was any possibility of 
reservoir conditions, formation tests were made, but in the greater 
number of cases, no appreciable production of any fluid (oil, gas or water) 
was obtained. Porosity and permeability determinations of samples 
of Purbeck, Portland and Corallian beds without exception have given 


disappointingly low results. 
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D’Arcy Exploration Co. proposes to continue its program of testing in 
southern England. Another borehole is to be drilled soon on the Kings- 
clere anticline, near Newbury. Others will be drilled in Dorset, where 
geological investigations are now being pursued and where there are closed 
structures which, though smaller than either the Portsdown or Henfield 
anticlines, are closer to outcrops that are rich in oil shows. 


NorTINGHAMSHIRE, LINCOLNSHIRE AND East YORKSHIRE 


Carboniferous beds dip eastwards from their exposures in the Pennine 
Hills and about the longitude of Nottingham pass beneath an unconform- 
able sheet of Permian and younger rocks. Where exposed at surface and, 
more especially, in coal or lead mines and in boreholes, these Carbonifer- 
ous rocks give abundant promise in the form of seepages of oil or gas and 
veins or pockets of bitumen of different types. These manifestations 
drew attention to the Carboniferous of Derbyshire and Staffordshire 
when Messrs. 8. Pearson & Co., under contract from H. M. Government, 
in 1918-1921 drilled a number of test wells on anticlines closed in Coal 
Measures of the Upper Carboniferous. The tests failed to find any large 
accumulation of oil though the first well, Hardstoft No. 1, has since 
yielded some 2800 tons of crude oil. 

Coal-exploration boreholes have shown that the Carboniferous beds, 
which dip eastwards below the Permian north of Nottingham, rise again 
further east though they do not appear again at surface west of the east 
coast. A borehole at Kelham found a considerable show of oil in beds 
believed to be of the Millstone Grit series (Upper Carboniferous). There 
is reason to expect that structures capable of retaining an oil accumula- 
tion may exist in Carboniferous beds below the blanket of unconformable 
Permian and Mesozoic strata, and the D’Arcy Exploration Co. has 
attacked the problem of finding and testing such structures. Surface 
geology is of little direct use here and several forms of geophysical inves- 
tigation are being brought to bear on the problem. 

A torsion balance reconnaissance is being made of the whole area over 
which licenses are held and additional gravitational observations have 
been made by gravimeter and pendulum. A magnetic survey has been 
made of part of the area and further work of this nature is contemplated. 
Seismic (reflection method) observations have been carried out over a 
selected traverse to test the possibilities of this method of determining 
structure of the hidden Carboniferous beds, particularly the Lower 
Carboniferous, Mountain limestone. 

The problems of this area are difficult, and will be costly to solve, but 
if structural conditions prove favorable the region may hold a prize that is 
richer than the best that can be hoped for from any other part of Great 
Britain. So far geophysical investigation has not reached a stage at 
which any test drilling is justified. 
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NORTHEASTERN YORKSHIRE 


Yet another type of oil prospect will be tested in the valley of the Ksk, 
near Aislaby west of Whitby. Here structural conditions are simpler and 
it is proposed to drill a test well, during the coming summer, on the crest 
of a dome in which Liassic beds are exposed. The well may have to go to 
4000 ft. or deeper and will explore the Magnesian limestone of Permian 
age. Beneath the Lias shales and limestones, which incidentally in this 
area contain small shows of oil, a considerable thickness of Triassic marls 
and sandstones, with some anhydrite and probably salt, will have to be 
penetrated before entering the Permian limestone, which may be as much 
as 1000 ft. thick. 

Apart from the direct evidence of traces of petroleum in the Magnesian 
limestone at outcrop in Durham, the chief attraction to this prospect lies 
in a comparison with Permian deposition conditions in Germany. At 
Volkenroda, in Thuringia, commercial oil production has been obtained 
from limestones of equivalent age which were laid down in circumstances 
analogous to those of the Magnesian limestone of northeastern England. 


ScoTLAND 


D’Arcy Exploration Company’s license in Scotland lies to the east of 
the Pentland Hills and includes the Cousland dome, adjacent to the 
D’Arcy dome. In 1920-1921, Messrs. 8. Pearson & Co. drilled a test well 
on the latter structure and obtained more than 1700 gal. of crude oil from 
Lower Carboniferous beds of the oil-shale series. This well did not 
penetrate the full thickness of the oil-shale series. D’Arcy Exploration 
Co. proposes to drill at least one test to the base of that group of shales, 
with which are interbedded sandstones and thin limestones. As at 
D’Arcy, the deepest beds exposed on the Cousland dome are limestones of 
the Carboniferous limestone series. The borehold will penetrate about 
250 ft. of this series before entering the Calciferous sandstone series, of 
which the uppermost member is the oil-shale group. 

There is no evidence available on which to base a precise forecast of 
the total depth to which it will be necessary to carry the well but it is 
probable that by 3000 ft. the oil-shale group and at least part of the under- 
lying cementstone group will have been penetrated. How far the well 
will be carried into the latter group will depend on evidence to be obtained 
from samples recovered. Beneath the cementstone group lie Devonian 
rocks in which there is no prospect of finding oil. 

The oil-shale group of the Lothians contains many beds of richly 
bituminous shale of a type that will yield oil on distillation but not to 
solvents. The source of the many shows of free oil known to occur in 
this group of rocks is open to some doubt though there is a strong balance 
of opinion in favor of the hypothesis that it has been formed by distilla- 
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tion of the shales by igneous intrusions, of which there are many in 
the area. 

Opinions may differ on the general assessment of Great Britain’s oil 
prospects, where so many uncertainties must be coordinated. Some 
consider it probable that at least one oil field will be found, others think 
even that unlikely. None considers it impossible and few, if any, believe 
that the prospects are less favorable than those that have led to prolonged 
drilling in other parts of the world. 


DRILLING oF Portspown No. 1 WELL 


Drilling commenced on the Portsdown well on March 30, 1936, and 
the depth on Jan. 16, 1937, was 5840 feet. 


Equipment 


The equipment installed is of the most modern type. The steam 
supply is obtained from four oil-field type boilers of 250 lb. working 
pressure, evaporating 3600 lb. of water per hour each. These boilers 
are fitted with turbine furnaces and superheaters. A 4-in. steam line 
completely lagged supplies the rig and slush pumps. Separators are 
installed at each offtake. 

Derrick and Drawworks.—The derrick is 136 ft. high and has a 12-ft. 
substructure, providing a cellar, and a floor area of 675 sq. ft. The 
drawworks, which are of the four-speed hoist type, and fitted with a 
‘‘Hydromatic” brake, are driven by a totally enclosed 12 by 12-in. engine 
of the piston-valve type. The 2714-in. rotary table is also totally 
enclosed and is of the extra heavy pattern. An 8-in. swivel and a 76-in. 
five-sheave block that will take a load of 200 tons are part of this modern 
equipment designed to drill to 12,000 ft. with safety. The heaviest 
available all-steel cable-tool drawworks are also installed complete with 
the latest chain-driven sand reel. 

Slush Pumps.—The slush pumps are of the regular horizontal duplex 
type, are rigged up for compounding, and can be fitted with mud-end 
liners ranging from 734 to 5 in. in diameter. High-pressure cocks are 
used throughout, to discharge manifold. As a safeguard against the 
possible serious consequences of losing mud into porous formation, tank 
storage is available for approximately 5000 cu. ft. of mud, and the slush- 
pump suctions are coupled to these tanks. 

Lighting.—In the event of a failure of the main supply a small petrol- 
driven generating set and portable floodlights are available on site. 

Workshop.—A small workshop and forge has also been provided com- 
plete with lathe, drilling machine and grinders, portable and fixed. 


Drilling 


A 23-in. dia. hole was drilled to 1242 ft. and an 18-in. collar casing 
cemented at 1110 ft. A 1714-in. dia. hole was drilled to 2320 ft. and 
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15-in. casing, inserted joint, 71 lb. per ft., cemented at 2311 ft. with 2414 
tons cement. A 14}¢-in. dia. hole has been drilled to 3655 ft. ; one 105 in. 
in diameter to 5529 ft. and one 734 in. in diameter to 5840 ft. The 105¢ 
or 734 hole can be reamed out if it is found necessary to run casing. 

Drilling was started with a 23-in. rock bit and proceeded satisfactorily 
until a depth of 250 ft. was reached. At this stage it was necessary to 
pull out and the bit stuck at 203 ft., because of caving flints and chalk. 
All the regular methods of releasing the stuck tools failed and it was 
decided to try a steam jet playing around the shoulder of the reamers and 
alongside the bit. Three-inch cement tubing was run with a 34-in. side 
jet immediately above the plugged end of the tubing. Some time after 
the steam was turned on, violent eruptions of mud, due to the expansion 
of the steam, became apparent, the bit began to settle down under the 
weight of the drill pipe above it, and the tools were recovered. 

Drilling with 23-in. bits was resumed and at 1110 ft. the 18-in. collar 
casing was set, and cemented with 9 tons of cement by the tubing method. 
The weight of this string of casing was 44 tons. 

The cement was allowed 8 days to set and after testing the casing 
and cement, drilling continued With 1714-in. bits to 2320 ft. and the 
15-in., 71-lb. inserted joint casing was cemented at 2311 ft. with 2414 tons 
of cement by the plug method. 

No more casing has been run up to the present time. 


Coring and Testing 


From 2320 ft., a 141¢-in. dia. hole was drilled to 3655 ft. and occa- 
sional cores were taken in this region with a 105g core bit. When any 
promising formation was encountered the full hole tester was run in the 
pilot hole. 

After testing in a pilot hole it was necessary to ream it out to 
the full size and invariably the reaming occupied more time than the 
original piloting. 

Intensive coring and testing has been carried out in the 105¢-in. and 
734-in. hole and the core recovery has been very satisfactory. 

Up to date 16 flow tests have been made and on one occasion the 
tester was left in one position for 56 hours. 

Drilling Bits 

Practically all the well-known bits have been run in this well, and 
although clays have been encountered which it would be supposed drag 
bits would drill with ease, reasonable progress could be made only with 
rock bits. 

In the 5840 ft. drilled, the following bits have drilled the footage given: 
drag bits, 1108 ft.; rock bits, 2493 ft.; core bits, 1394 ft. ; other bits, 845 ft. 

The careful control of weight applied to the bits has resulted in a 
straight hole to 5500 ft. Deviation tests were made with the acid bottle. 


Petroleum Production in India in 1935* 


Tue world’s production of petroleum in 1926 amounted to nearly 
150 million long tons, of which India contributed 0.72 per cent. In 
1927, this figure jumped to some 172 million long tons, of which the 
Indian proportion, on a practically stationary production, fell to 0.64 
per cent. In 1928, there was another substantial rise in the world’s 
production, which reached the figure of over 181 million tons. In 1929, 
there was another jump to over 202 million tons, but in 1930 the world’s 
production fell to about 19314 million tons, in 1931 to about 187 million 
tons, and in 1932 to about 183 million tons, while in 1933 the production 
rose again to about 202 million tons, in 1934 to about 215 million tons, and 
in 1935 to 233 million tons!. Decreases were shown by Poland, Sarawak, 
Egypt, Rumania and France. All other important producers showed an 
increase in production, by far the largest being due to Iraq, as a result 
of the opening of the pipe line to the Mediterranean. The United States 
contributed 60.9 per cent of the world’s supply in 1935, Russia 10.7 per 
cent, Venezuela 9.4 per cent, Rumania 3.9 per cent and Iran 3.1 per cent. 
In 1928, India contributed 0.64 per cent, which fell to 0.60 per cent in 
1929 and rose to 0.62 per cent in 1930, 0.63 per cent in 1931, and 0.64 
per cent in 1932, and fell again to 0.62 per cent in 1933, to 0.60 per cent 
in 1934 and to 0.50 per cent in 1935; her position on the list of petroleum- 
producing countries fell from eleventh in 1929 to twelfth in 1930 to 1933, 
her place being taken by Trinidad and to thirteenth in 1934 and 1935, 
owing to the production by Iraq. 

The production of petroleum in India (including Burma?) increased 
slightly from 322,025,280 gal.* in 1934 to 322,662,336 gal. in 1935, 
the highest figure in the history of the industry. The increase in 1935 
is due to an increase of some 4 million gallons in Assam, almost offset 
by a decrease of 314 million gallons in Burma. This increase in output 
in 1935 was accompanied by an increase in estimated value amounting 
to Rs. 22,73,550 (£170,944). 


* Reprinted from Records of the Geological Survey of India, Mineral Production of 
India for 1935 (Heron) 71, pt. 3, by permission of the Director of the Geological 
Survey of India. (The report for India for the year 1936 is not yet available.) 

1 Compiled from World Petroleum of June, 1936. 

2 See page 565. 

’ Imperial gallons throughout this paper. 
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The amount of gasoline produced from natural gas during the year 
was 9,717,087 gal., of which 9,309,083 gal. were produced in Burma and 
408,004 gal. in the Punjab. 


BURMA 
Yenangyaung 


The Yenangyaung field maintained its reputation of being one 
of the most wonderful oil fields in the world. The total production 
during 1935 was somewhat less than in the previous year but the resources 
of the field as a whole are sufficient to ensure an adequate supply of oil 
for many years. 

At the end of 1935 there were 3030 wells producing in the field. 
Besides a large number of wells drilled to shallow sands, this total 
includes 183 hand-dug wells of which the continued existence is one of 
the interesting features of the field. 

During the year further extensions of the producing areas on the 
eastern flank of the field were proved. In the southern part of the field 
valuable production was obtained from wells in the southern part of 
block 28. and the northern part of block 4S. Within the Reserves and 
their Borders there were no noteworthy developments. 

Satisfactory results continue to be obtained from gas drives in 
the leased blocks; in addition to gas drives, gas is also injected with 
the object of repressuring and storage. The major companies operat- 
ing within the Reserves continued to cooperate in applying back pres- 
sures to youthful wells. Casing policies continue to be carefully designed 
to protect the oil sands against the danger of flooding by water and, in 
general, production methods throughout the field are characterized by a 
realization of the importance of the conservation of oil and gas and the 
prevention of waste, whether simple or underground. 


Singu 

In 1935 there was a slight increase in the output from the Singu 
field. At the end of the year the total number of producing wells was 
465 as compared with 459 in December, 1934. In addition, a number 
of wells remained cemented above productive sands. These wells can 
be drilled into productive sands in a very short time and the total field 
production substantially increased. 

In the southern part of the field a valuable producing area was 
proved and at the end of the year competitive drilling was in progress 
along the boundary between blocks 50E. and 50N. 

There has been no radical change in production methods during 
the year under report. The fundamental principle underlying the 
policy of the major operating company at Singu is to make adjustments 
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at each well to lead to a maximum oil recovery with a minimum produc- 
tion of gas. Wells with high gas-oil ratios are shut in, and the casinghead 
gas remaining after the satisfaction of the field requirements is returned 
to dry gas sands for storage, or to certain areas for repressuring purposes. 
There is one gas drive in operation and the repressuring operations of 
the British Burmah Petroleum Company, Ltd., continued to give satis- 
factory results. During the year the Burmah Oil Company, Ltd., was 
actively engaged upon the construction of a training well in the River 
Irrawaddy to reclaim a potentially productive area. Continuous gas- 
lift on some wells producing from lower division sands and gas displace- 
ment pumping on wells producing from upper division sands were 
continued on a small scale, but production from the great majority of the 
wells in the field was obtained by ordinary pumping methods. 


Other Districts 


Yenangyat.—During 1935 there was a good deal of drilling activity at 
Yenangyat and, as a result, the total production from the Pakokku 


TaBLeE 1.—Quantity and Value of Petrolewm Produced in India 
during the Years 1934 and 1935 


1934 1935 
Fields 
Quantity, Value?, Quantity, Value, 
Imp. Gal. & Imp. Gal. £ 
Assam: 
Dig DOs eats eee Pet oe 63,754,262 818,542 | 67,886,586 871,597 
Burma: 
IOV AUK VI Save eee rea 13,579 13,549 
Nin GU Se nents oe 3,873,128 3,803,949 
DUD TU haltat ihe tik, Oller 81,927,114 83,590,590 
SDINGIY OUI yO) pee nema: 685,489 = 916,702 
Upper Chindwineotuacee: 3,095,245 |/9©29:852" 9 7a 501 |(3:749,185 
Yenangyat ineluding 
IBN Na We sya oe cee 27,717,552 30,414,737 
Yenangyaung.............| 187,447,963 129,810,946 
Punjab: 
tho CAN iv var Mi teee et tes cee 3,510,948 65,995 3,436,776 64,601 
Total sevescrustataeuranee as 322,025,280 | 4,514,389 | 322,662,336 | 4,685,333 
¢ £1 = Rs: 18.3: 


» Estimated. 


district, excluding Lanywa, shows a large increase. There was a further 
increase in the production from the Lanywa field during 1935. Back 
pressures are maintained on nearly all the wells in this model field, which 
is operated by the Indo-Burma Petroleum Company, Ltd. While a 
number of wells are pumped from a central power, the majority have 
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individual pumping motors. 


the year and gave a satisfactory yield. 
Minbu.—In the Minbu district there were, at the close of the year, 378 


producing wells. 


The total production showed little change. 


589 


The gasoline plant was operated throughout 


Apart 


from routine production there was very little activity in the district. 


TaBLE 2.—Imports of Kerosene Oil into India during the Years 
1934 and 1935 


1934 1935 
From 

Quantity, Value?, Quantity, Valuez, 

Imp. Gal. EG Imp. Gal. & 
Union of Socialist Soviet Republics.| 43,121,885 | 1,157,346 | 43,466,478 | 1,038,895 
LEAUICCNONR G3 PoepcReen cee epee es Mean a 8,796,256 189,286 | 1,013,409 21,939 
SRUAT LCE At 8 SOM 5 cake oe loascckts 6,772,813 238,048 | 4,689,877 152,863 
JBYOVEGKE ONE SiG URNS Ce ee 5,890,997 154,948 
ILER 2 ec Se ged ae Nee eerie Re PE 1,971,850 79,629 | 12,507,372 487,338 
EA VA PENT Od eae eleva Sass Oates 1,422,981 22,159 2 
United States of America.........| 2,118,839 96,149 330,992 22,183 
CD OTICOUDMETICH ste spac acpeys ole 390,431 18,771 750,164 36,279 

TNMs Th RRR Des “NR ee 64,595,055 | 1,801,388 | 68,649,291 | 1,914,435 


Gre RSet 


TaBLe 3.—Imports of Fuel Oils into India during the Years 1934 


and 1935 
1934 1935 
ee Q tit Value* Quantit Value 
ran Gal. a IapeGare ed, 
Union of Socialist Soviet Re- 
DUplicseemprrer ate: Sorel 912,132 9,846 966,060 10,848 
PEPIN QUT eee Sed elton a(fsratesucnas vs 2,165,569 28,114 20 
RL Viper aos Mees. coerce iets G 77,150,970 | 1,026,331 98,264,798 | 1,227,851 
IBGE COMP maa Gen ie: iacy occ 25,466,739 327,113 | 31,828,024 387,623 
Other countries: .- 4.5. ..1- 2 876,027 19,505 434,945 7,585 
"TLOtMIaR ee otra eee eee 106,571,437 | 1,410,909 | 131,493,847 | 1,633,907 
ad Rswl3.3. 


There was a reduction during 1935 in the total production from the 
Indaw field. All but one of the wells were successfully operated by the 
automatic gas-lift system. 

Thayetmyo.—Production from the Padaukpin and Yenanma fields in 
the Thayetmyo district again showed an increase. Satisfactory progress 
was made in the drilling of the Burmah Oil Company’s deep test well at 
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Monatkon, but as yet no discoveries of importance have come to light. 
Kyaukpyu.—The output from Kyaukpyu remained at its usual 
low level. 


ASSAM 


In Assam the output of the Digboi field increased slightly. There 
has been no drilling in outside areas in the Assam Valley. 

In the Surma Valley there was no production and prospecting opera- 
tions were concentrated on the drilling of the new well at Masimpur. 


TaBLE 4.—Exports of Paraffin Wax from India during the Years 
1934 and 1935 


1934 1935 
To 
Quantity, Value?, Quantity, Value, 
Tons? £ Tons £ 

Wnrted Kangdomte- sae ee seat 11,419 372,688 | 15,366 490,704 
Germany. tac sce. ee  e ee eee 1,855 58,828 205 6,579 
Netherlands2. 3% sae cameras eee 4,778 150,905 | 5,103 164,288 
Belgian, Sense ee os ese ae eee ae 3,628 115,233 | 3,002 95,240 
Dif aes SERIA ORs ees RE otal: 4,326 117,818 | 3,411 101,818 
CHING ee ce mere ce tata oc arrben Ee pieiee 2,530 76,737 | 2,300 72,632 
Union of South Airican..=-).eeaceen ene OOS 58,664 | 2,607 81,167 
Portuguese East Africa................. 122,933 | 4,867 153,039 
Cama d ate ta eet) ade bae oc ike on 67,641 1,539 48,600 
United States of America............... 86,520 | 2,322 73,453 
Mexicot ee cnn ae eee mee ee eiereror te 135,790 | 4,250 134,211 
ATEN INEM ep UDC. eerie 13,776 131 4,145 
(Chav Ce eee ee te ehciee Sian y aioeger eee 11,053 | 4,527 141,115 
PRE ho ny ee ob borne Oe ho He ORO On fic 13,063 431 13,694 
Othericountries, ss canrecc «desc sttsen oe terenrs 61,748 | 3,141 98,017 

bE ec PERSP One noe Gast 1,463,399 | 53,202 | 1,678,702 


“ Long tons. 
6 £1 = Rs. 13.3. 


Some progress was made, but much delay arose from serious fishing jobs 
caused by the extremely difficult drilling conditions brought about by 
the nature of the formation and the exceptionally high pressures. 


PuNJAB 


In the Punjab the output from the Khaur field increased by over 
200,000 gal. as compared with 1934. As a result of the indications from 
a deep test well into the underlying formations an old well was deepened 
to 5408 ft. in October last, giving satisfactory production. Another 
old well is in hand for the same objective, the depth of which at the end 
of the year was 4860 feet. 
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On the Dhulian dome a well commenced last year has been carried to 
7653 ft. and drilling is still in progress. The first indication of oil was 
reported at 7448 ft. in September; the well was deepened carefully to 
7501 ft. and at the beginning of November flowed under low pressure at 
100 bbl. per day. This strike was tested for one month and production 
held up satisfactorily. The well was then deepened, as it was apparent 
that it was not yet in the limestones. 


Imports AND Exports 


There was an increase (over 4 million gallons) in the imports of 
kerosene, due mainly to an increase of over 1014 million gallons from 
Iran and nearly 6 million gallons from Borneo, offset in part by important 
decreases from all other countries except Russia, the imports from which 
showed only a slight fall (Table 2). 

There was a rise of 25 million gallons in the quantity of fuel oil 
imported into India, the principal change being an increase of over 
22 million gallons from Iran and of over 6 million gallons from Borneo 
and a fall of over 2 million gallons from Rumania. Some 75 per cent 
of the supply was derived from Iran and some 24 per cent from Borneo 
(Table 3). 

The exports of paraffin wax showed an increase amounting to some 
6000 tons (Table 4). 


Oil and Gas in Iran in 1936 


(New York Meeting, February, 1937) 
PRODUCING FIELDS 


Masjid-i-Sulaiman Field.—During the past year, drilling activities 
have been limited to repair work. No new developments of importance 
can be recorded in production technique. Fall of dome pressure is main- 
tained at the 1 lb. per sq. in. per annum rate mentioned in previous reports. 

Acid treatment of wells is being increasingly used and for wells in 
fissured areas has been very successful. Such wells have been converted 
into first-grade producers with substantial drops in bottom-hole differ- 
ential pressures. The effect of acid treatment has been to increase the 
flowing lives of wells so treated. The normal procedure consists of three 
treatments of 500 gal. commercial acid diluted 100 per cent but success 
has been met with fewer applications. 

The policy of returning products to the reservoir has been continued. 
The total quantity of products returned since the policy was commenced 
in 1929 now amounts to approximately 30 million barrels. 

Haft Kel Field.—The drilling of the main Haft Kel structure for pro- 
duction purposes has now been completed. Production and control 
wells have been completed to meet the rate of production anticipated 
over the next few years. 


TasuE 1.—Crude Production from Masjid-i-Sulaiman and Haft Kel Fields 


Masjid-i-Sulaiman¢ Haft Kel Total 
Year Barrels Barrels Barrels 
Tons Equivalent to Tons Equivalent to Tons Equivalent to 
Nearest 10,000 Nearest 10,000 Nearest 10,000 
MOB Die ater of 4,227,884] 32,300,000 | 3,231,177; 24,690,000 | 7,459,061) 56,990,000 


1936 (est.)..| 3,640,000} 27,800,000 | 4,474,000] 34,180,000 | 8,114,000] 61,980,000 


« Net production; i.e., excluding surplus products re-injected to reservoir. 


Naft-i-Shah Field.—There are no fresh developments to report. 


AERIAL SURVEY 


During the year an additional 5000 sq. miles have been aerially sur- 
veyed for geological purposes. 


Received through the courtesy of the Anglo-Iranian Oil Co., Ltd., London, Eng- 
land. Manuscript received at the office of the Institute Feb. 13, 1937. 
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DRILLING 


The rotary system is now in general use throughout the Iranian fields. 
For exploratory wells in new areas it is usual to install both a cable-tool 
rig and rotary drawworks, since this combination provides an auxiliary 
drum—in the calf wheel—for pulling drill pipe in case of breakdown of 
the rotary gear and the sand reel is normally used for running inclinom- 
eters and other instruments. Steam drive is preferred where water 
supplies are available, because of its flexibility, and consists of a standard 
battery of four locomotive-type boilers with a steaming capacity of 
3600 Ib. per hour at 250 lb. per sq. in. The steam is superheated to 
450° F. All feed water is treated in a softening plant to reduce boiler 
troubles. Steam economy is effected: (1) by usual methods of insulation 
and (2) by providing an independent steam-engine drive for the rotary 
table. For areas remote from water supply, internal-combustion engines 
are used, together with a hydraulic coupling between engine and pumps 
and engine and drawworks. 

Inserted joint casing is used entirely and each joint is tested hydrauli- 
cally at works to an internal pressure equal to the minimum yield point 
of the material less 10 per cent. In accordance with latest practice, heavy 
drill collars are used, normally two 30 ft. long and one 20 ft. long. Rock 
bits are preferred to drag bits, because of alternating hard and soft streaks. 

Pressure drilling is being increasingly used, improvements, however, 
being limited to equipment and technique rather than to method. 
Valves, well-head fittings and other equipment for such wells are now 
being made in forged steel instead of steel castings, and shop tests of 
€000 lb. per sq. in. are being specified. 

The normal design of duplex slush pump with rubber-packed pistons 
is no longer capable of giving reliable service at working pressures of over 
2000 Ib. per sq. in., and double-acting ram pumps with outside packed 
glands are being used, designed to handle mud flush at a pressure of 
3500 Ib. per sq. inch. 

Hydraulically operated snubbing gear has been introduced. | Atten- 
tion has been given to the design of blow-out preventers, all of which 
employ hydraulic pressure for their operation assisted by a small hydrau- 
lic accumulator. 


Oil and Gas Production in Iraq during 1936 


By Brn B. Cox, Memper A.J.M.E.* 
(New York Meeting, February, 1937) 


THE principal event during 1936 was the sale of Mosul Oilfields, Ltd. 
to Mosul Holdings, Ltd., a British company with French and American 
participation, and the expansion of its wildcat activities to untested 
structures on its West Tigris concession. Mosul Holdings continued the 
exploration of its low-gravity Qaiyarah-Najmah-Jawan-Qasab field. 

The Iraq Petroleum Company’s systematic exploration and exploita- 
tion of its Kirkuk field was continued on a scientific unitized basis. 
Pressures and gas-oil ratios remained satisfactory. All wells were pro- 
duced by flowing. A stabilization plant large enough to supply the 
4,000,000-ton pipe line to the Mediterranean was completed at Kirkuk 
about the close of the year and only sweet oil is now being exported. 

The Khanaqin Oil Co., Ltd., a subsidiary of the Anglo-Iranian Oil Co., 
Ltd., continued the normal exploitation of its Naft Khaneh oil field, 
refining and marketing through the Rafidain Oil Co., Ltd. for local Iraq 
market. This field les partly on the Iraq side of the boundary and 
partly on the Iranian side, the latter portion being known as Naft-i-Shah. 
Only the Iraq side is considered in this paper. 

Slightly more than 30,000,000 bbl. of crude was produced in Iraq 
during 1936. The I.P.C. exported all crude sold outside of Iraq and 
showed an increase of about 2,500,000 bbl. over the preceding year. 

Crude production in Iraq for export in 1934 was 7,096,669 bbl.!; in 
1935 it was 27,014,904 bbl. and in 1936 it was 29,521,053 barrels. 


Manuscript received at the office of the Institute Feb. 17, 1937. Published by 
permission of the Near East Development Corporation. 

* Geologist, Socony-Vacuum Oil Co., Inc., New York, N. Y. 

' Converted at an average of 7.6 bbl. per ton. 
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Petroleum Development in Mexico during 1936 


By V. R. Garrias* anp R. V. Wuersen,* Memperrs A.I.M.E. 
(New York Meeting, February, 1937) 


PropucTion of crude petroleum in Mexico during 1936 totaled 
approximately 40,309,000 bbl., showing a negligible increase over the 
previous year. While only four producing wells were completed in the 
Poza Rica area in 1936, its production increased from 9,468,000 bbl. in 
1935 to 13,417,000, making it the ranking producing field in Mexico. 
This gain in output, however, was offset by abnormal losses due to artificial 
curtailment mainly the result of strikes and other disturbances in the 
heavy-oil district of the Northern fields, which declined 2,500,000 bbl., 
and in the South fields (Golden Lane), where output decreased 1,500,- 
000 bbl., while production in the Isthmus of Tehuantepec fields remained 
practically stationary. 

Production of natural gasoline for 1936 is estimated at 800,000 bbl., 
or 200,000 bbl. greater than in 1935. Crude run to stills in local refineries 
increased about 1,000,000 bbl., totaling 31,000,000 bbl. for 1936. Exports 
of crude and refined products were approximately 24,400,000 bbl., or 
over 2,000,000 bbl. greater than in 1935, the increase representing with- 
drawals from storage in Mexico. Exclusive of ships’ bunkers, domestic 
consumption increased about 1,000,000 bbl. during the year, reaching an 
estimated total of 15,200,000 bbl. The Mexican domestic demand for 
gasoline is estimated at 2,540,000 bbl. for the year, an increase of 310,000 
bbl. over 1935. 

In all, 70 wells were completed in Mexico during 1936, as compared to 
74 in 1935 and 148 in 1934. In proven areas 59 completions resulted in 
31 producers and 28 failures. Unusual results were obtained during the 
year over a scattered area in northeastern Mexico near the United States 
border, where out of eight completions six were fair-sized gas wells. A 
wildcat dry hole was completed in Chocoy in an attempt to extend the 
Northern fields to the northeast, and another in Quebrache, to the south- 
east of the heavy-oil district. A deep test (10,168 ft.) through the 
Cretaceous lime into the Jurassic was completed as a dry hole in Metlal- 
toyuca, 9 miles southwest of the Old Alamo field on the Golden Lane. 


Manuscript received at the office of the Institute Feb. 5, 1937. 
* Cities Service Co., New York, N. Y. 
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Another wildcat in San Sebastian, 10 miles east of the Golden Lane, was 
also a failure. 


FIELDS 


Northern Fields (Heavy-oil District)—In the proven areas of the 
Northern fields 16 producers and 25 failures were completed as compared 
to 18 producers and 20 failures in 1935. A large well in the Altamire 
district completed early in the year revived drilling in this area, but 
toward the end of the year drastic salt-water invasion had almost com- 
pletely halted development. Production totaled 7,884,000 bbl. in 1936, a 
decrease of 24 per cent from the previous year; but as it is estimated that 
shutdowns due to labor difficulties and strikes during the year resulted 
in a loss of close to 2,000,000 bbl., the normal decline was apparently 
only about 8 per cent. 

South Fields (Golden Lane Area).—No wells were completed in the 
producing areas of the Golden Lane during 1936. Production of the fields 
declined from 9,809,000 bbl. in 1935 to 8,309,000 bbl. in 1936, a decrease 
of 16 per cent. The fields, however, also suffered serious curtailment 
during the year from labor trouble and strikes, resulting in an estimated 
loss of about 1,000,000 bbl., which otherwise may have been produced 
under normal conditions. 

Poza hica.—While only four wells, all large producers, were com- 
pleted in the new Poza Rica area during the year, three of these added 
considerable acreage to the proven area. One well, on lot 54, extended 
the field 34 mile to the south; another, on lot 26, extended it 14 mile to 
the northeast; and a third, on lot 50, a mile to the east. It is estimated 
that the proven area at the close of 1936 totaled about eight square miles, 
and development has not yet defined the limits of the field to the south 
and east. Production in 1936 totaled 13,417,000 bbl., compared to 
9,468,000 bbl. in the previous year, an increase of 41 per cent. 

Isthmus of Tehuantepec.—Development in the proven areas during 
1936 continued about at the same rate as during the previous year, when 
11 wells, of which 9 were producers, were completed. Output also main- 
tained an even trend throughout the year, totaling 10,576,000 barrels. 

Northeastern Mexico.—While this area, which extends along the 
United States border from Eagle Pass to Brownsville, has yet had no 
commercial oil production, six fair-sized gas wells (maximum of about 
4,000,000 cu. ft. daily) were completed during the year and are worthy of 
note. One of the gassers is near San Juan de Sabinas, State of Coahuila, 
about 125 miles southwest of Eagle Pass. Two were completed in Zacate, 
Nuevo Leon, 27 miles south of the Sam Fordyce oil field in Texas; another 
near Camargo, Tamaulipas, 16 miles west of Sam Fordyce. Two dry 
holes were completed on the Rio Bravo lease in Tamaulipas, 22 miles 
south of Sam Fordyce. 
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Fig 1.—Nortuern, SouTHERN AND Poza Rica o1L FIELDS, MExico. 
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TaBLE 1.—Production of Oil in Mexico 


U.S. Barrels 
Number 
Total since Novem- | of Pro- 
1935 1936 Discovery to ber ducing 
End of 1936 1936 Wells, 
Nov.1936 
Northern fields (11° to 14° 
(Ac PET, \aucee Sateen. aineeere 10,372,000} 7,884,000) 724,129,000] 778,368) 526 
Southern fields, Golden Lane 
(20° to 24° A.P.I.)........] 9,809,000 | 8,309,000! 1,006,390,000| 730,500) 222 
South fields, miscellaneous. . . 166,000 123,000 4,926,000} 8,100 12 
Poza Rica (33° to 34° A.P.I.)| 9,468,000) 13,417,000) 27,591,000) 892,331 16 
Isthmus of Tehuantepec? 
(32.5° A.P.I.).............| 10,419,000} 10,576,000} 80,662,000) 760,484) 212 
40,234,000) 40,309,000 1,843,698,000 


« Kstimated. 
CRUDE-OIL PRICES AND TAXES 


The price of heavy Panuco crude spot cargoes f.o.b. Tampico, exclud- 
ing export and production tax, dropped at the beginning of 1936 from $1 
to 75¢ per barrel. By October the price had recovered to 95¢, and at the 
close of the year the price had risen above $1 per barrel. The average 
price in 1935 was $1 per barrel, 80¢ in 1934, 60¢ in 1933, 44¢ in 1932, 55¢ 
in 1931, 60¢ in 1929 and $1.05 in 1928. 

The price of South field crude not controlled by local refineries 
increased slightly during 1936 to almost 45¢ a barrel at the well. At the 
close of 1936, Poza Rica crude was sold f.o.b. ship at Tampico for the first 
time, bringing an average price of about 80¢ a barrel excluding export 
and production tax. 


TaBLE 2.—Mexican Oil Taxes 
U.S. Cash per Barrel 


December 1935 | December 1936 


HIGAVV CTU GG a. cviciesse ure c.o-0 ere Re tckater lenr et encanta Ts $0 .097 $0 .117 
Lighticrides om, 7 Saye eet oss o oe een oe eee 0.158 0.188 
el OIL. Mey eae tor cic net's Leh, or Pee a, ES Be 0.138 0.168 
Refined: gasoline. teraacidateet ares oreo eet es are 07122 0.117 
Crrideigasoline Bens dec eshirsievinec earns See tee ee tee 0.262 0.252 
Refine dsicGx ORO Ort. ra mahtnacialiyiacts cover iceman eka 0.082 0.074 
Crude kerosene atitiotos at. Loi. tate. Cnn 0.168 0.152 
LAUSTIGRINE ar treas atin’. enone etn ate eee eee eee 0.148 0.148 


OUTLOOK FOR 1937 


Drilling activity and production in the Northern fields and South 
fields (Golden Lane) are expected to further decline in 1937. It is not 
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expected that the rate of development in Poza Rica will increase during 
1937, although new completions may further extend the proven area of the 
field. Production may increase in the field, but perhaps not at the same 
rate as in 1936. Unless again adversely affected by labor and other 
disturbances, as in 1936, the total output of the Mexican fields in 1937 


may be about 10 per cent greater than in the previous year, or about 
44,000,000 barrels. 


Oil and Gas Production in the Netherlands East Indies and 


Sarawak* 
Total Gas Pro- 
Total Oil Production, Bbl. duction, Mil- 
-lions Cu. Ft. 
. Average Oil 
Age, f easead Production, 
Years jie at Bbl. per 
to End N cen Well Daily 
b of 1936 To End of | During During 1936 during | During | During 
q 1936 1935 1936 1936 1935 | 1936 
A 
g 
8 
1 27 72,809,825| 5,052,000} 4,861,000) 13,920 31 3,558 | 3,012 
2 41 331,277,660) 12,876,000) 12,546,000] 36,300 54 8,679 | 9,984 
3 40 5,031,705 288,000 349,000} 1,070 26 38 18 
4 49 78,927,745| 3,404,000} 3,774,955) 16,162 37 2,575 | 2,808 
5 | South Sumatra.............. 40 | 205,711,251) 8,451,000) 26,285,460) 77,796 118 11,618 | 12,482 
6 | North Sumatra.............. 112,764,895) 7,280,000} 5,688,000) 18,030 172 7,019 | 6,134 
POON Sad bal es en ior pre 806,523,081) 37,351,000) 53,504,415] 163,278 68 33,487 | 34,438 


1 cu. m. = 35.31 cu. ft. 


: . Oil Production Methods 
Number of Oil and/or Gas Wells Depth, Average in Feet at End of 1936 


During 1936 At End of 1936 Number of Wells 


Completed |———————- |---| Bottoms of | To Top of 
to End of Productive | Productive 
1936 Wells Zone 


Flowing | Pumping | Gps-air 


| Abandoned 
Temporarily 
Shut Down 


340-5,280 130-5,242 393 41 
230-2,620 210-2,600 624 17 


260-1,020 | 240-1,000 40 
160-2,950 | 130-2,880 382 5 


290-5,400 | 160-5,200 101 208 
300-4,140 | 260-4,100 30 37 


tw 
ow 


SS | Line Number 


* Received through the courtesy of N. V. de Bataafsche Petroleum Maatschappij, 
The Hague, Netherlands. Manuscript received at the office of the Institute April 
16, 1937. 
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ee SSeS 


o co moo wor | Line Number 


Producing Rock 


Deepest Zone Tested 


to End of 1936 


~# 
ol) 
ao 
8S 
potdi 
Porosity*, | Struc- |A 2 
Name Ages Characters Perc ae Wael =5S Name 4 
ae 
ae BS 
cis a 
Seria- and Miri formations Mio SsH 18 Af 80 | Miri deep shale 6,180 
Balik Papan-Poeloe Balang | Pli+ Mio SsH, § 10-30 Af 204y | Poeloe Balang zone | 5,250 
and Tarakan formation 
Boela formation-+ Triassic | Pli+ Tri SsH y Af 40 | Triassic 2,400 
Mergelklei—Globigerinae— | Pli+ Mio §, SH, LS 15-35 Af 311y | Basis mergelzone 5,900 
Orbitoid zones ; 
Palembang- and Telissa-zones a a Mio+ | 8,SH,SS} 13-28 Af 354y | Under Telissa zone | 7,550 
aleogene ' 
Seuroela-Keutapang-Grens- | Pli++ Mio §, SH, 8S y Af 244y | Grensklei zone 6,680 
klei zones 


f Footnotes to column heads and explanation of symbols are given on page 291. 


Petroleum Development in Peru during 1936 


By Ourver B. Hopxins,* Memper A.I.M.E. 


(New York Meeting, February, 1937) 


DurinG the year 1936, a new high record was established for Peruvian 
production, the total amounting to 17,594,689 bbl., which brought the 
cumulative production of the country up to 205 million barrels. The 
1936 figure represents an increase of 530,288 bbl. over that of 1935. 
The property of the International Petroleum Co. contributed 369,577 bbl. 
of this increase and the Lobitos property 158,233. 

Exploration work in the country was continued. The Selden Breck 
Co. examined a strip of the National Reserve in eastern Peru from Tambo 
del Sur to the Rio Pachitea. This company was granted a concession 
for a term of four years embracing approximately 50,000 acres near the 
confluence of the Rio Pachitea and the Rio Ucayali. During the year, 
the Peruvian Government commenced drilling a well on one of the reserved 
zones at Zorritos. At the end of the year, this well had reached a depth 
of 1300 feet. 

La Brea-Parinas Estate-—Production on the La Brea-Parinas Estate 
of the International Petroleum Company, Ltd., reached an all-time high 
in 1936 of 15,126,491 bbl., an increase of 369,577 bbl. over the 1935 record. 
The total production from 1890 to 1936 was 163,668,014 barrels. 


TaBLE 1.—Oil and Gas Production in Peru 


Area Proved, Acres 

uy ears 

Field, Department to End 
: el es Total 
a 
g 
iq 
J, is, Brea-Parinas; P&urd:, sgvcy yr toons Shaws one cee eee oo 47 y y 
2% | Lobitoa ahd! Reatin, ating. «tics. c.caisics cee. cers 32 y y 
Bi LORTIVOR SE UITUGE doom cat etarmirenicn oct eer taah el aoe eae 53 7] y 
4c) Pirin (Huscane),,Punoriies Saree eee y y 


@ Footnotes to column heads and explanation of symbols are given on page 291. 


Manuscript received at the office of the Institute Feb. 13, 1937. 
* Chief Geologist, Imperial Oil Limited, Toronto, Canada. 
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During 1936, a total of 84,172 ft. was drilled in new wells and 7658 ft. 
in deepening existing wells. Twenty-two wells were deepened, and 
43 new wells were completed, of which 39 produced oil, one gas and three 
were abandoned. At the end of the year, 2916 wells had been drilled 
on the estate, of which 1876 were still productive. The remaining 1040 
wells represent abandoned producers or dry holes. 

Drilling on this property is still done largely with cable tools. The 
rotary tools introduced during 1934 have shown that this equipment can 
satisfactorily and economically drill the various formations encountered 
and during the year 1936 further improvement was experienced with this 
equipment. In addition, a heavy-duty rotary has been secured for 
deeper drilling on the concession and it is proposed to install a light 
rotary for deepening old cable-tool wells. The cleaning out and deepen- 
ing of older wells has continued to yield beneficial results. 

The return of surplus gas to the producing sands in selected parts of 
the field was continued during the year. This practice, which was 
initiated in 1927, results in the recovery of a higher percentage of the 
production by flowing and, it is believed, in an increased ultimate yield. 


TaBLE 1.—(Continued) 


Total Oil Production, Bbl. eh oa nae Number of Oil and/or Gas Wells 
Es At End of 1936 
1936 
> 
| ToEnd of | During | During |? As| 23 ~ |2e - 
a| 1936 1935 1936 [Bz | g2|/ BS 1B S| eelealy [wz] 2 
= Seney os) wo |e | ge) Bs | 2 2) 5Arseise 13d 3 
a po| Bol Bol ol 88/62) e6) 8 Bs |SO|2 42/35/43 
g 58) OS|58|58| 35) 85 | 8 | 2 | gelsaleaess| oe 
5 ALAS aan ee V or ole (ee Oe eo eo ee 
1| 163,668,014] 14,756,914) 15,126,491] 42,234| 2 z x x |2,916| 40} 3) 126] y | 1,740 | 10 | 1,876 
2] 38,622,376} 2,259,965} 2.418,198] 6,463} 2 Ly z x «TT, y 7] y g\ ¥ y 
3 3,091,211 47,522 50,000 y| « x £ x y| y| ¥ y | y y| y y 
4 285,936 0 0 0| 2 0 0 0 y | 0) 0 0] 0 OO 0 
oii ow SD eS ee ee ee ee ee ee eee ee ee ee a 
eee Ee 
Depth, Aver- Oil Production Methods at Pressure, Lb. Character of Oil, Approx. Average 
age in Feet - End of 1936 per Sq. In.¢ during 1936 
Number of Wells aes Gravity A.P.I. at 60° F. 
n 2 
Elst we ae ees 2 
3 Ss nD 1 en) el e Lid 
5 Be | BS e 4 # |e sls : q |1935|1936) Maximum | Minimum | ‘Average 2°). 
SoolHog t 12 6/8 3) 5 5 
B| BEE) cds) 2 3 \S8/ea) 2 ane 


> Footnotes to table heads and explanation of symbols are given on page 291, 


604 PETROLEUM DEVELOPMENT IN PERU DURING 1936 


In an effort to arrive at a clearer idea of the potentiality of the La 
Brea-Parinas property, a seismograph survey was commenced in the 
latter half of the year. 

Lobitos Property.—This property, north of the La Brea-Parinas Estate, 
produced during 1936 a total of 2,418,198 bbl., bringing the cumulative 
production to the end of 1936 to 38,622,376 bbl. Drilling on this property 
was continued both in the old Lobitos territory and in the northern or 
El Alto territory. The new oil obtained in the old Lobitos area more than 
offsets the natural decline in the old wells. ‘The main success, however, 
took place in the northern or El Alto territory where new production 
amounted to nearly double that of a normal year. 

Zorritos Property.—This property, operated by Piaggio and Company, 
is estimated to have produced approximately 50,000 bbl. during 1936. 


TaBLE 1.—(Continued) 


3 Deepest Zone Tested 
Producing Rock 
Character of Gas, + ape ig ey 
Approx. Average 
during 1936 ee 
33 
83S 
o pe Depth 
& Name Agel | a nO e = Gs & 3 Name was 
B} B.tu. | Gasoline 2/3 S22 Els Pa Feet 
Z per per M 3 ale ee| & Boe 
g| 07 FET Ou re Sl sle@sl 2 [Sse 
r= Salas) # [Z5e 
1 vy y Verdun, Lomitos, Parinas| Eocene | 8 | y x AF ? 
Negritos, Salina 
2 y y Terebratula, Lower Cay-| Eocene | S | y z AF y | Probably Cretaceous ? 
erno 
3 y y Zorritos Miocene | 8 | y z | MF? y r 2,900? 
4 y voy y viy z y y 7 2 


Oil and Gas Production in Poland during 1936 


By Caries Boupanowicz* 


(New York Meeting, February, 1937) 


THE accompanying tables! show that in 1936 production of crude oil 
in Poland decreased very slightly (Tables 1 and 5), by about 1 per cent, 
and that gas production increased by about 11 per cent. As in preceding 
years, drilling (Tables 1, 2 and 3) was devoted principally to extension of 
oil fields in the Jaslo district (fields 1, 5 and 7) and, in a lesser degree, of 
those in the Stanislawéw district (field 27). Production of crude oil is 
being sustained in a large measure by the deepening of old wells; besides 
a total number of 183 new wells completed (Table 3) about 152 wells were 
deepened, and in a general way the results of deepening were better than 
those of new wells drilled. 

Reserves of ‘“‘proved land” have not increased as far as crude oil is 
concerned, but a notable extension of gas fields? was attained in Daszawa 
(field 25) and in the Roztoki area (field 5). In the sub-Carpathian zone 
gas fields have been proved in the vicinity of Kalusz, Koséw, and in the 
northwestern sector of that zone, between Tarnéw and Lezajsk. The 
gas horizons of Daszawa occur in the Upper Tortonian, those of Koséw 
in the Lower Tortonian (Middle Miocene). Exploratory drilling has 
been performed near Kalusz, and has been commenced near Koséw and 
in the Tarnéw area. The Kos6éw gas approaches the ‘‘wet”’ type. 

A possible gas reserve with a volume of 4,000,000,000 cu. m. (141,000,- 
000,000 cu. ft.) has been calculated, for an area of about 5 sq. km. of the 
Daszawa field, on the basis of production obtained and of decreases in 
pressure and their distribution. The fields of Roztoki and Strachocina 
(No. 12) have not yet supplied sufficient data for a calculation of reserves, 
which might possibly be estimated at 2,000,000,000 cu. m. (70,000,- 
000,000 cu. ft.). 

Manuscript received at the office of the Institute Feb. 12, 1937. 

* Professor of Economic Geology, Warsaw, Poland. 

‘1 Figures in Table 1 for 1935 have been corrected according to last data available, 
and figures for 1936 may be subject to slight corrections after final data become 
public. It should be noted that in 1936 the fields of Rypne (27) were transferred to 
the mining district of Stanistaw6w, and that this change is reflected in the figures for 
the districts of Stanislawow and Drohobycz outside of Boryslaw, respectively. 

Detailed material covering the numerous oil fields of the Jaslo district has been 


obtained through the collaboration of A. Nieniewski, M. E., of Krosno. 
2K. Tolwitiski: Le probléme des réserves de gaz naturel en Pologne. Ann. de la 


Soc. Géol. de Pologne (1936) 12. 
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Gasoline production (Table 7) has declined by about 9 per cent, even 
if the 1000 tons of gasoline obtained in Roztoki under the name of “white 
crude oil,’ which are not included in statistics as such, are taken into 
account. The decline in the total production of gasoline is due to the 
drop in the volume of casinghead gas in the Boryslaw field, in spite of the 
fact that the number of wells producing gas exclusively have increased 
in that field (140 wells in 1936 vs. 121 in 1935). 


TaBLE 1.—Oil and Gas Production in Poland 


Area Proved, Acres 
t Age, Years 
Field, County to End 

‘ of 1936 9 Oil and 
Z Gase 
a 

z 
Sy 

we Jasto District 

1 | Lipinki, Libusza, Kryg, Kobylanka Dominikowice Wojtowa, Gorlice............. 71 1,075 

2'4| Korosyria, Biecs, Gorlice =i iteccies vets Saptiahstae Oelsattee te ates teats ecleiaiasa Rite 39 65 

$3 iliSekowa,, Ropes Ruska \Gorlted...c.2 sive gix,.co oe cai. eater eae ae se one 64 100 

4) Harktowaral delot sis 297 antitiain tists ae os nw a ae a nae en eed re ee 66 130 

5 | Roztoki-Sadkowa, Dobrucowa, Bialkowka, Braezowka, Jaslo................. 3 

6:'|\ Mecinka ; Jaszoxew;«J Galo-Kroenoimo.-s7.. iris toitie cet aa he selsieaie se es wicker es \ 27 889 445 

7 | Potok-Tovestowks, Kroenesscs.as,anre kaso oe ew case ea Cereus tle eae oun es 45 

§ |ESrosnosKroscienko,. Kraan sce tie mifine as, ates ea andi io yas tei oem ee 48 

9 | Bobrka-~-Rowne-Rogi-Wietrano, Krosno...........0. 006 c cece eee ence eeeees 78 225 

10) Iwonios-Klimkowkay Krognd tes sa cetins cae heeeti. eae oe ceaa kei cae ane 46 ? 

11] Roplanka Krsna te cmeie. etytcak eee can wei ote els seu hit thc cle on eater eater a cere 68 30 

12 Strachocing-Gorkt; Brz0cowsGanol-y .tc,0. Jaci tineamitin aie trite ncina tales wnat 8 

13':| Zmiennica-Tursepole,: Brzoz0w Ftctarsec,.10cs caseiniesoaias aie oe oe rales «eke at oe 40 67 

14 | Starawies-Brzozow-Humniska-Grabownica, Brzozow-Sanok.................... 40 321 
Ab a Weglowka; Kroenosient Bin, oi Mies inn one oti Seien tain ae ee ee 49 148 

16.) Lobatowka-Wulka, ‘Aroano-Sanok in cuan<.scwaccrieae eahawc de tam cevutconien of 48 275 

1% |) Mokre:T arhawa, Sanohk-Liegha.x./avisueioaisis «eas caine e oh waa on aes cee 24 25 

18 | Total Jaslo (with others) 3,029 766 

d Droxosycz District , 

19 pape eerie BYAtr6, Deeb, oy cass face catiicen Vora mae tentiaaielee: Race eae 50 50 

20 | Lodyne-Wankowa-Ropienka Paszowa-Stankowa, Lesko...................-004- 50 568 

21 | temel Hee; SGmDON ed: <icce avsscerk erwetin daditts vavat tim aunattys winareincyanisle ase aero 55 62 

29's Opalin. \Drohouyer «sc vex ated tects acotee Ma cache talsinss SRR GR. Ga 40 25 

23. | por velaw (deep. akiba), DrOnouyas... sauces cuctonwn suicnnrice meetin 42 3,700 
24 | Schodnica-Uryoz, Drohobycz-Stryj........0s00seeeeeececeeessnenneeeesenseees 64 1,110 

26 | Dapunwe, Stryd sss ccwelr astra. ceeacs soa SO Mend Oka dete, Mes 15 1,815 3,700 
26 | Total Drohobyez : 

; Sranistawow District 

27/||Rypne-Duba-Perehinsko,Doling .'sccsvnais. quan abeiies nections Ganley aun ite gent 49 1,500 

DSW GOW ah RADON veh nican hati vice ish cmneehetnre deamra sine eters erate acai rome nee 37 1080 

20)1|| Pasiboana A Nadtwornd.,. <otl ais vtide Aeron toes ante Ate RAR 56 "400 

90 | Majdan-Rosuina, Kaluae oon. ccs c, chaise nce ee etaueceee ae eee 47 220 

Si5| Sloboda umpurskay) K olomsysea. ccm cverdaatey tener. teks eo Caanen Care See 61 120 

BP || ORMMAOK, AACOLOMUIE cr cte Ura cle vicccootatala die nied anlage ceinia sursie eternal mete eR Ce 36 40 

$8. Total Stgrilslawow se «Sa eee > eee eed Leen ee 3,280 

Bde Cotchier shesl Ges tsent ttre ssatarediara chara Oar MRLs a RG ta es tenes cen } 

35 RT OL a OMG I. een er ee nn: Seer ae ee ee ge ea 


@ Footnotes to column heads and explanation of symbols are given on page 291. 
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The cubic meters of gas treated for gasoline vapors were as follows: 
- in the mining district of Jaslo, about 19,000,000; in Boryslaw, about 
135,000,000 and in Stanislawéw, about 48,000,000. The average yield 
of gasoline amounted to 49 grams per cubic meter for Jaslo; 234 grams for 
Boryslaw and 95 grams for Stanislawéw, which corresponds approxi- 
mately to 0.60, 2.65 and 1.05 gal. per 1000 cu. ft., respectively. 
The increase in the production of ozocerite deserves attention 
(Table 8). In 1936 production once more reached a considerable volume, 


TaBLE 1.—(Continued) 


: . Total Gas Production, 
Area Proved, Acres Total Oil Production, Bbl. Millions Cu. Ft. 
A ‘ ‘ Dur- | Dur- Maximum 
pis Gas Total To End of During During Daily Average | To End | ; rs Daily 
3 1936 1935 1936 | during Nov. 1936 | of 1936 | 19% | j935 | during 
g 1936 
Zz 
g 
8 
1 1,075 4,342,024 189,366 | 233,100 682 2g 48 50} 0.149 
2 65 348,400 30,465 29,674 89 y 63 63} 0.192 
3 100 741,275 17,109 17,316 49 x fl Bab z 
4 130(?) 1,640,842 62,934 60,902 170 39 36 0.102 
5 375 176,564 29,600 40,404 126 \ 47,688 2,965} 3,136] 10.663 
6 1.709 188,108 21,204 38,850 96 a 671; 395) 1.938 
7 3 5,339,818 93,940 125,302 333 az} 194) 143} 4.818 
8 1,917,792 38,720 31,872 89 x 6] 8.7) 0.338 
9 225 5,431,386 71,240 54,751 158 a} 164) 159) 0.511 
10 ? x 1,702 1,776 4.7 
11 30 2,590 2,146 5.3 x 23 22} 0.072 
12 494(?) 494(?) 780) 155} 124) 5.0 
13 67 663,560 17,538 17,020 46 37 35) 0.106 
14 321 97,450 83,768 237 az} 385) 321) 0.981 
15 148 1,974,263 30,380 27,158 72 23 24| 0.070 
16 ; 275 1,047,840 31,894 37,932 73 ae 25 24 0.062 
17 25 55,290 3,960 6,105 17 
18 869 4,664 24,154,882 711,825 779,256 (+9.4%)2,400 53,294} 4,690) 4,606 
19 50 81,290 5,085 14,933 4 
20 568 6,002,200 180,175 173,382 55 y y 
21 62 585,830 19,110 21,460 ‘ 12 y y 
22 25 133,090 3,360 2,960 
23 3,700 2,116,992 | 2,000,000 | (—5.5%)5,400 | 187,895] 4,865 y y 
24 1,110 330,995 | 355,866 962 192 y y 
25 | 1,250 1,250 42,208] 5,250 
26 | 1,250 6,765 2,655,717 | 2,568,601 7,100 | 230,103} 10,378) 11,815 
PY | 1,500 2,171,230 149,030 128,760 y| 482 y y 
28 100 1,180 6,073,264 | 206,250 174,046 496 y| 1,376 y y 
29 150 550 25,000 42,376 y| 132 y y 
30 220 21,360 20,438 
31 120 13,120 11,914 
32 40 210,900 3,957 3,922 
33 350 3,630 418,717 | 341,456 990 | 32,000} 1,940) 2,242 
34 z x x 412 
3,689,313 
35 15,059 240,932,744 | 3,812,970 | 3,774,000 | (—1%) 315,000] 17,008] 19,075} (+11%) 


a a ee ee ee ee ers 
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as the result of a larger demand for this raw product in foreign markets 


(France, Germany, Czechoslovakia). 


Measures taken by the Government in 1936 toward the creation of a 
fund to subsidize explorative drilling’ have attained, so far, but slight 
results, in the shape of about 2200 m. drilled from subsidies supplied from 
that fund but applied exclusively to deepening wells in old fields. 


TaBLE 1.—(Continued) 


Reservoire 


| Injection into 


A Depth, Aver- Oil Production Methods 
Number of Oil and/or Gas Wells age in Feat at End of 1936 
pats At End of 1936 Number of Wells 
| $3 ag 6 e Le 
BZASlB]S Es/~m |wsle | Total | SZ fF A 
g $e/3| 8 |8Al8 1238/8 | Produc as a8 wo] F | = 
4) eg/6] 2 lael|So|sClSe] in Bo2 |ese| 8/a/S/2/8 
g| 82/8 | 3 |ezlselsese| | SEs (CES) BE) 8/3/2132 
pf Blend oO heed hed -wfl-ha ate Ses ea | ola le 
1 860} 56 14| 478 1 479 1,500 440 38 
2 49 3 37 960 760 37 
3 166 6 31 87 87 720 65 22 
4 273 4 4} 134 a 135 1,280 720 129} 3 8 5 
5 33 5 1 6| 25 31 3,280 | 2,700} 4 1 4 1 
6 16 1} 2 8 6 14 3,120 2,700) 3 3 3 2 
7 248 5] 4 11 76 1 77 2,300 2,100) 3 72 1 
8 108 1) 44 44 1,800 | 1,600 44 
9 245 1 “| 37] | 62 3 91 2,130 60 29 
10 r 1 7 618 18 700 18 
11 60 1 a TF 1 18 1,640 13 4 
12 3 3 2,590 to 3 
4,050 
13 61 rie e | 2) 36 36 1,480 29 7 
14 104 2 8} 60 60 2,300 34| 3 5 18 
15 223 1 3} 81 81 1,050 81 
16 83 3 13}; 10) 53 53 1,480 42 11 
17 18 1 10 10 1,800 9 1 
18 | 2,558] 105 1,274 
19 61 Fl 2} 42] 15 l 16 1,310 15 
20 431) 16 20} 365 365 1,310 365 
21 73 9} 40 40 660 40 
22 15 1 5 5 1,970 5 
23 | 1,288 6 235 525| 140 665 4,270 33 492 
24 779) 23 520 520 1,480 518 2 
25 19 : 2 18 18 2,300 
26 | 2,666) 53 1,629 
27 225 9 117 117 2,625 73 44 
28 175 6 96 96 3,610 4 7 85 
29 192 1 31 31 660 to 10 21 
4,700 


Pressure, Kg. per 
Sq. Cm. 


Average at 
End of 


1935 | 1936 


Initial 


110 110 


50 5} 5 


852} 539 


2,272) 1,420 


’ Trans. A.I.M.E. (1936) 118, 491. 


— =" 


in those districts. 
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The problem of prospecting drilling upon the plains of northern and 
western Poland‘ in the Paleozoic formations still remains a theoretical 
consideration, although in 1936 several new but real facts have been 
published regarding emanations of gas and manifestations of crude oil 


The matter of a broad prospecting program upon 


those areas attains now actual importance, but it would require radical 
amendments of the present mining law in regard to prospecting for crude 


TaBie 1.—(Continued) 


aged of Oil, pata ue 
pprox. Average Character of roducing Roe: 
during 1936 Ci Aporon: 
Average 
Gravity during 1936 
A.P.L. at 
60° F 
Net Thick- 
S 5 S Name Agef » | Porosity* eae Structure? 
2 q ao Pa w A, 5 Feet 
BS g Sow as |Sad 3 
vane 8/4 fl e+ a a lS a= S 
s(geles| £2 | 2 | da [eee a 
eS eo ba pa ieee 5 
1/32/38} 34 |3.0-8.4/P 1,124 Ciezkowice I, II Koe S  |18.7-21.3 80 AM. 
2/38/43] 39 /0.3-1.1)/A 1,124 Ciezkowice I, IT Koc 8 120 diapir 
3/29/40] 35 0.4 |A 200 | Magura facies Cre 8 40 A 
4/21/27) 27} 0.8 JA Krosno beds Olig SI 150 overthrust 
5/40/42} 40 | 0.4 |A 1,011/10-100} Ciezkowice II, III | Eoc, Cre S gee 245 diapir 
6/42 42 | 4.0 |P 25- 50} Ciezkowice II, III | Hoc, Cre S 198 diapir 
7/39/51) 42 | 0.4 JA 1,124} 150 | Ciezkowice II, III | Hoc, Cre iS 80 diapir 
8/29/34) 32 |0.7-8.0}M 150 | Ciezkowice I, II 0G 8 190 diapir 
9/32/38} 34 |0.5-6.2/A, P 225 | Ciezkowice I-III, IV) Hoc, Cre § 160 A 
10 35 A Krosno beds Olig iS) 132 A 
11/29/31} 31 0.4 {A Magura facies Cre 8 60 A 
12 1,124} 13 | Czarnorzecki Cre iS) A 
13 33 Bar 2 Ciezkowice I Koc S) in 100 A 
14/37/47 0.2-5.9/A, P} 1,067) 150 | Ciezkowice I, II, IIL | Hoc, Cre S 18.4 200 diapir. 
9} 0.4 JA Czarnorzecki Cre s 100 AM 
ie ae = 0.3 |A 150 | Ciezkowice I-III Koe, Cre 8 100 A 
17/35/45] 44} 0.3 A Krosno beds (lower) | Olig 8 ? Af 
18 49 
5.1-0.1]P, A Krosno beds (lower) | Olig 8 ? Af. 
20 30 39 34 0.5-5.9]P Krosno beds (lower) | Olig SS) 40-50 | diapir 
ee Menilite series 
upper) 
2) 6.2 Jamna beds Cre 5 45 A 
s DP re re 6.1 iP Eocene beds Hoe (lower) | 5 50 A 
23/31/36} 33 |6.0-9.4 1,461} 234 | Boryslaw sandstone | Olig (Koc, S 10.0 |IV= 30-120] AF 
(IV) Cre) 15.0 
= Jamna beds Cre 150 A 
5 ea Gas beds Mio S 25 100 =| A 
26 
‘ F AF 
.6-8.0/P Kliwa beds Olig Sy} 60 
8 34 48 i o 1-8.4|P Kliwa beds Olig s 15-30 AE 
99/38/56} 45 |0.2-4.9/AP | 1,067 Kliwa beds, platy | Olig Cre Ny} 15-30 
: beds 
30/29/37] 34 |0.8-1.1/A Eocene beds Eoe i) 60-80 4 
31/35/37| 387 |5.2-5.9|P Jamna beds Cre 5 80 : 
32/30/33} 32 |0.8-1.1)A Tnoceramus beds Cre SH 40 
34 35 
35 : 
le at 


4 Trans. A.I.M.E. (1935) 114, 526. 
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oil and gas, and would necessitate geophysical surveys accompanied by 
legal safeguards for the possible development of the oil industry upon the 
new tracts situated outside of the Carpathian province. 


TaBLE 2.—Total Meters Drilled, Poland 


Year Jaslo aeee beside Stanislawow Total 
1936 49,921 30,800 8,500 19,100 108,321 
1935 37,682 23,166 10,638 12,530 84,016 (86,122) 
1934 38,080 19,480 8,219 8,824 74,603 (77,933) 
1933 32,382 19,418 7,582 7,519 66,901 
1932 25,267 17,690 8,063 7,458 58,478 
1931 28,666 20,749 14,444 10,653 74,512 
1930 38,551 30,251 28,616 19,180 116,598 
TaBLE 3.—Number of Wells Completed 
1935 1936 
Districts 
New Deepened New Deepened 
Wells Wells Wells Wells 
Jaslo , 
PYOGUCIN Gt. 8m tie ieee. eee ek 87 83 105 57 
INGD productive s.-eeeieee: ce ore 12 9 
Outside Boryslaw 
Producin geen at eit eens 47 10 53 24 
INORDrOoguctivems ite mee 5 1 
Boryslaw 
Producing? Gane. ete 10 19 8 69 
INON Productive ss. sericea on 1 5 
Stanislawow 
Producing, giccins gh Cais oe 14 14 17 2 
INonproductivees .2.1.2 eee 1 4 
Total 
Producing. ae sera etaciiens- eee 158 126 183 152 
Nonproductive.......:........ 19 19 15 


Average daily production per well, 
key fee ee os, em 2142 1732 1800 ° 3410 
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TaBLe 4.—Number of Producing Wells 
ae 


Year Jaslo ae oe Stanislawow Total 

1936 1274 964 665 371 3274 

1935 1149 1025 650 253 3280 (other fields—203) 
1934 1195 1046 632 248 3121 (with other fields) 
1933 1117 1009 603 245 2974 

1932 1065 990 598 246 2899 

1931 1027 963 574 250 2814 

1930 951 952 562 250 2715 


———  ————SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS— 


TABLE 5.—Total Oil Production, Poland 
In cars (10,000 kg.)« 


Year Jaslo ee Boryslaw Stanislawow Total 

1936 10,856 7,856 27,037 5,251 51,000 
1935 9,908 9,429 28,598 3,541 51,476 
1934 9,953 9,141 30,426 3,268 52,788 
1933 9,645 9,588 32,514 3,320 55,067 
1932 9,582 9,043 33,029 4,014 55,668 
1931 9,765 9,491 39,070 4,702 63,028 
1930 8,535 8,561 44,334 4,847 66,277 


@ One 10-ton car = 74 barrels. 


TaBLeE 6.—T otal Gas Production, Poland 
Thousands of Cubic Meters 


Year Jaslo A Boryslaw Stanislawow Total 

1936. 142,200 213,200 121,400 63,500 540,300 
1935 136,476 168,507 137,390 43,036 485,409 
1934 121,200 149,722 154,516 43,300 468,738 
1933 97,664 142,978 176,972 44,597 462,211 
1932 86,347 115,811 186,764 48,008 436,030 
1931 86,719 127,549 211,763 47,792 473,823 
1930 75,432 120,034 242,612 48,428 486,506 


ne  UEEE SUISSE ESIEEEEEEEEEEEse es 
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TaBLE 7.—Gasoline Production, Poland 


Kilograms 
Year Jaslo Pa acc nt Stanislawow Total 
1936 3,460,498 | 27,618,500 | 4,577,406 | 35,656,404 
1935 3,831,056 | 32,887,608 | 2,763,744 | 39,482,408 
1934 4,436,585 | 33,349,333 | 2,952,171 | 40,738,069 
1933 4,033,312 | 34,924,813 | 3,020,301 | 41,978,426 
1932 2,521,915 | 33,257,716 | 3,053,045 | 38,832,676 
1931 1,455,932 | 36,140,120 | 3,384,970 | 40,981,022 
1930 197,240 | 34,903,905 | 3,392,505 | 38,493,650 
Number of gasoline plants in 
1934... 6aeRn. ccs eee fh 16 4 27 
19352 252 52 taweaieie acta pits ek toe 6 14 5 25 
NS oe ea ar Citic sea Se Ch ay 6 13 5 24 


TABLE 8.—Ozocerite Production, Poland 


Kilograms 

Yeu poiow | Bille Stapler Pot 

1936 343,593 99,299 442,892 
1935 300,945 68,163 369,108 
1934 89,138 67,027 156,165 
1933 326,648 39,368 366,014 
1932 308,815 279,887 588,702 
1931 110,050 152,253 262,303 
1930 681,255 220,401 901,656 


Oil Development in Rumania during 1936 


By Tone I. Garprscu* 
(New York Meeting, February, 1937) 


Rumanta produced during 1936 some 62,500,000 bbl. of oil. Of this 
production, 99 per cent comes from an area running east and west along 
the southern foothills of the Carpathian Mountains just north of Bucha- 
rest. This almost rectangular area measures 20 by 40 miles and is 
located in the districts of Dambovita and Prahova between the cities of 
Targoviste to the west and Mizil to the east. The remainder of the 
production is about evenly divided between the oil fields north and east 
of Mizil in the Buzau district and those to the north on the eastern 
flanks of the Carpathian Mountains in the district of Bacdéu. The 
Transylvanian Basin to the north and west of the Carpathian Mountains 
has produced to date only dry gas from its numerous salt domes. 


Bucgani FIELD 


The Buesgani oil field produced 15,600,000 bbl., or 25 per cent of the 
total production of Rumania in 1936. Bucgani is a deep-seated salt dome 
7 miles south of the old Moreni oil field. A slight surface doming, not 
dissimilar to the topography observed on some of the oil fields of the 
Californian basin, ‘called attention to the area. It is the southernmost 
oil field and, together with the deep-seated and prolific Boldesti field, 
points to the great oil possibilities of the deep-seated domes along the 
northern edge of the Rumanian plains south of the Carpathian foothills. 

The Government is the principal owner of the oil and gas subsurface 
rights in the areas south of the foothills. The acquisition of leases by 
the operating oil companies may be made either by application for an 
exploration permit, the company being assigned part of the acreage in 
case of successful wildeatting, or, if the area has already been declared 
as proven territory, through competitive bidding. A block of 164 acres 
was auctioned recently for $200,000, or $1200 per acre. 

The largest producer in the Bucgani oil field is the Steaua Romana, 
which produced 39.5 per cent of the total for the field. The Steaua 
Romana is a post-war company and 50 per cent of its shares are owned 
by the British Steaua and the Steaua Frangaise and the other 50 per cent 
by a group of Rumanian banks and by the Government. The Colombia, 


Manuscript received at the office of the Institute Feb. 17, 1937. 
* Consulting Petroleum Engineer and Geologist, Houston, Texas. 
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whose largest stockholder is Desmarais Fréres, produced 22.5 per cent. 
The Unirea, controlled by the Phoenix Oil and Transport Co., produced 
17 per cent. The Astra Romana, Shell subsidiary, produced 10.5 


TaBLe 1.—Rumanian Petroleum Statistics! 


r 


Percentage Increase 0 
Decrease 1935-1936, 
Average per Month 


per cent. 
3 & 
Crude Oil Produc-| 3 ¢ 
tion, Tons, 1936 8 2 
as 
Principal Fields us = 
So 
Aver- | 27 
Total | age per 2% 
Month] 828 
Lal 
Bircsanl-t5y cee. dees cee 2,176,726] 181,394 
Gura Oonitel jccdcniess swine 1,890,766) 157,564 
Oehiuric sac ener apes avon ngewe 369,325] 30,777 
Rasvad, Viforata and Teis Anino- 
OSB. chines aware daheg~ ee beams 561,711| 46,809 
Others ssetnnasn aes ecsicee st 1,512 126 
Total Dambovita district. .... 5,000,040) 416,670 
Boldesti..;.ieastcne sees careers 1,405,150) 117,096) — 
Morents;, htopiisjoc pciase nts cine 737,069| 61,422) + 
Piboarl scaseten sess. viele seistare seh, 510,022) 42,502) + 
Cepttra: acnenesciic cts crntectersis 320,602] 26,717) — 
Marginent Sa enctsavenlae aegis 17,142) 1,429) + 
Arioesth'. 5 teria visto: sisgsistaco iets ems, 153,544) 12,795) — 
Campin ip e cctn cet. scares 33,071} 2,756} + 
Runcu, Bustenari, Bordeni, Scor- 
Penis; OMMMOPA og se tassa ss «cies 259,899} 21,658 
Baiool TPintedeeicene sce oniiee 88,585) 7,382 
Others sgeicesiet ceeas.« meeiebiaane 79,732) 6,644 
Total Prahova district........ 3,604,816} 300,401) — 
Bacardistriet.<wiaesaceinsvicicas 48,381) 4,032 
Busat' district .ea.. 2c. nese 49,817] 4,152 
Transylvania district............ 
‘Total Rumania y..coccc eens 8,703,054| 725,255 
From private lands............. 5,153,180) 429,430 
From state lands............... 3,549,894] 295,825 


Well Situation at End of 1936 


Hand Wells 


ducing | Re- | Drill-| Pro- 
pair | ing | ducing 


3 | 14 80 

6 254 

1 4 71 

4 1 72 

2 1 1 


8 82 

6 2 242 

1 5 79 

62 

5 

12 

68 

41 3 3 480 
5 5 50 

10 12 


41 15 | 35 {1,092 


147 36 | 64 | 1,816 


147 27) 33 | 1,272 
9] 31 544 


1 Source: Moniteur du Petrole Roumain (Feb. 1, 1937). 


2 Stock in pump stations. 


42,273 


13,262 
14,128 
17,859 


5,956 

203 
4,020 
3,451 


7,517 
1,935 
1,099 


69,430 


2,848 
1,888 


125,5872 


} 242,026 


The Concordia, which is controlled by the Petrofina, a subsidiary 
of the Campagnie Financiére Belge des Petroles, produced 8 per cent. 
Many shares of the Petrofina are held by the Forapetrol, which is con- 
trolled by Baron J. L. V. Allard. Baron Allard represents the Association 
Franco-Belge des Petroles in the Campagnie Frangaise des Petroles. It 
was through the Petrofina that the French Government made an agree- 
ment to buy from the Rumanian Government its oil royalties, 
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Gura-OcniTEI Fietp 


The Gura-Ocnitei oil field is north of the Bucsani, and is a western 
extension of the old and prolific Moreni oil field. The structure is a 
piercement type salt anticline extending continuously from west to east 
through the Gura-Ocnitei, Moreni, Bana and Piscuri oil fields. The 
main producing formation, which is the same as that encountered in 
Bucgani and practically all other fields south of the Carpathian Moun- 
tains, is from the Meotic sands of lower Pliocene age. There are also 
some secondary accumulations of oil in the upper Pliocene sands on some 
of the piercement type domes. 


TABLE 2.—Rumanian Average Daily Crude Production 
Barrels of 42 Gallons 


1936 All Rumania Bucsani ode 
SEEN NS, a OSE ORNS CORRE 171,750 34,100 137,650 
URGVOWEE AY Seeocntc ichomy rnoe aeenene Lote nae 170,500 36,900 133,600 
IN Detnec? [nae ie cielo WA ce ioa fouls c obachcoeeevencs oh 173,000 40,300 132,700 
Neu, oS-cts a-ctuid a ReCle aeRO Bee cae 179,000 43,700 135,300 
Miciyaeactrs cee tce encase ee ee SEIS, 2185 184,500 48,200 136,300 
ARUN ScoPs & 8 bation cot oie TR ee a ae 190,500 51,400 139,100 
dfivill gate ors 5 Gay tthe, c eaeren eam Mune he eae ae 186,000 52,000 134,000 
PANIPUIS Peppa sere ie ote te cies ee aa 185,250 52,800 132,450 
De MLeMIbe Lamy ence rre cr ein ee 180,000 46,900 133,100 
(CLO CIM re nn, ioe wcecritecs tes 173,000 43,900 129,100 
INOW emtbexe yeti. cia eee eee ne 170,650 43,200 127,450 
IDecemberuat pce cc cncckesr iene a 167,400 41,700 125,700 


1Source: Moniteur du Petrole Roumain (Feb. 1, 1937). 


Thirteen and a half million barrels of oil was produced by the Gura- 
Ocnitei field, or 21.8 per cent of the total production of Rumania for 
1936. Among the larger producers were the Concordia (52 per cent); 
the Italian governmental company, Prahova, (15.5 per cent); Colombia 
(9 per cent); the Standard of New Jersey subsidiary, Romano-Americana 
(9 per cent); Steaua Romana (5 per cent); and Unirea (4.5 per cent). 


Boutpest1 FIELD 


Boldesti field, north of the city of Ploesti, is a deep-seated salt struc- 
ture of the Bucsani type. During 1936 it produced 10,130,000 bbl., 
or 16 per cent of the total production of Rumania. The potential of 
the field is much greater but is held down by the few companies that 
control the entire area. The largest producer is the Astra (Shell) with 
54.5 per cent, followed by the Unirea with 22 per cent. The Astra also 
leads in the production of the Moreni oil field, having produced one-third 
of the 8,250,000 bbl. produced by that field during 1936. 
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EcoNoMIC CONSIDERATIONS 


The oil companies in Rumania are greatly handicapped in their 
development for more than one reason. The Government controls the 
pipe lines and, aside from an old kerosene pipe line running from Ploesti 
to Constantza by the Black Sea, has delayed every effort made by the 
industry to build adequate pipe lines to the Black Sea. The Govern- 
ment also controls the railroads. During the part of the year that 
agricultural products are not being shipped, the rail transportation of 
oil, though inefficient, provides for a substantial and steady income to 
the railroads. 

Oil companies find it difficult to pay their dividends to stockholders 
outside of Rumania and, for that reason, most companies apply their 
earnings to depletion of capital, keeping themselves in very liquid form 
as well as delaying the payment of heavy taxes. 

Oil companies have found it increasingly difficult to import drilling 
equipment, and some of the companies, such as the Concordia, have 
built their own plants for the manufacture and repair of such equipment. 

The greatest handicap that is confronting the oil companies is the 
lack of proven reserves. The Government owns practically all of the oil 
rights in the Rumanian plains in which are located the deep-seated struc- 
tures that represent the greatest known potential reserve of Rumania. 
The Government, however, has been offering the areas it controls only 
on a piecemeal basis, which greatly retards not only the development of 
such areas but also geophysical prospecting and necessary wild-catting. 


Ort RESERVES 


Professor Macovei, Director of the Geological Institute of Rumania, 
estimates the proven and partly depleted oil areas of Rumania to be 
7000 acres with an estimated reserve of 200,000,000 bbl. of oil. The 
probable oil area is estimated at 13,000 acres with an estimated reserve 
of 200,000,000 bbl. The possible productive area that may extend prac- 
tically all along the Carpathian Mountains is estimated at 500,000 acres. 
These areas should also include the Transylvanian Basin with its 44 domes 
whose area is estimated at 1,500,000 acres. No wells have as yet been 
drilled to the Oligocene and Eocene sandstones underlying the Miocene 
gas-bearing formations. 

Professor Macovei’s figures, based on an estimated recovery per acre 
of 30,000 bbl., may be somewhat optimistic in the light of recent develop- 
ment west of the present producing areas. Several wildcat wells proved 
that the Meotic sands, which are the main producing formation, are very 
shaly to the west of Bucsani. This field has not come up to early expecta- 
tions. Several wells high on the structure had to be shut down because 
of the high gas-oil ratio and to the east of the field the Romano-Ameri- 
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cana encountered water within the limits of what was considered 
proven territory. 

An interesting point of controversy arose when one of the companies 
completed a well producing a good grade of gasoline. The well has been 
flowing steadily for several months. The neighboring operating com- 
panies asked that the well be shut down because of its high gas-oil ratio. 
This was done but the fact remains that at the prevailing reservoir 
pressure all of the gas is present in liquid form. 


Russian Oil Industry in 1936 


By Basiw B. Zavoico,* Mremser A.I.M.E. 
(New York Meeting, February, 1937) 


DurineG 1936 the Russian oil industry made very satisfactory progress 
and, while not all difficulties of organization have been ironed out, the 
country is now assured of a supply of petroleum products in sufficient 
quantities and of quality demanded by modern motor equipment. The 
year 1937 promises to better by a wide margin the good showing of 1936. 

The statistics given in this paper for the first time take into considera- 
tion the varying gravities of crude oils of the several Russian oil fields 
instead of using a flat conversion factor of 7 bbl. per metric ton. It was 
found from the detailed study that the generally used average conversion 
factor should be increased from 7 to 7.25 bbl. per metric ton, the figure 
varying, of course, with the gravity of oil in the individual fields. 

Crude-oil production during 1936 is estimated at 201,500,000 bbl. as 
compared with 182,970,000 bbl. produced in 1935, an increase of 9.4 per 
cent. The greatest increase was again recorded in the Baku district, 
which increased its production by 10.9 per cent, from 141,257,000 bbl. in 
1935 to 158,300,000 in 1936. Grozny district maintained its production 
at a level of about 23,000,000 bbl., but its old fields continued to decline 
and production was sustained by the development of newer fields. 

A great advance was made in drilling speeds and the total footage in 
1936 reached 6,694,200 ft. as compared with 4,926,600 ft. drilled in 1935, 
an increase of 26.4 per cent. In older deep fields, producers were being 
completed at over 8000 ft.—a great depth for Russian drillers but two 
years ago. Several major discoveries were made in 1936. 

Northeast Caucasus.—Izberbash, east from Grozny and on the Caspian 
Sea, was the outstanding discovery, the initial production of the discovery 
well being around 3000 bbl. per day from about 5000 ft. The importance 
of the field is due to the large area of the structure, half of which, however, 
is under the sea, and also to its strategic location on the shores of the 
Caspian and near a trunk pipe line to the Grozny refining center. An 
active development program is being pursued in Izberbash and its 1937 
production quota is set at 7,500,000 bbl. 

Achi-Su field, near Izberbash, also discovered during 1936, while not 
as prolific as Izberbash, is thought to cover a very large area and the small 

Manuscript received at the office of the Institute Feb. 17, 1937; revised April 
23, 1937. 


* Geologist, Department of Petroleum Economics, The Chase National Bank, 
New York, N. Y. 
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TaB_E 1.—Crude Oil Production in Russian Oil Fields from 1821 to 1936 


Thousands of Barrels 


aa nee Norn Cane Northwest Caucasus Central Asia 
Year Georgia ae Sroay Maik Kub Turk : 
ve = 7.19 alkop uban ‘urkmenneft 
Pi= 7.28 Fora | F273 | Fova | peoraee 
1821-1871 2,307.8 54.6 266.8 
1872 190.0 5.0 2.2 
1873 484.8 3.6 44 AA 
1874 593.3 4.3 11.7 11.9 
1875 762.9 3.6 27.9 169.7 
1876 1,330.1 5.0 8.1 45.2 
1877 1,801.8 6.5 11.7 28.7 
1878 2,394.4 9.3 51 24.5 
1879 2,872.0 15.8 8.1 34.8 
1880 2,499.2 19.4 11.0 34.8 
1881 4,777.9 16.5 4.4 28.9 
1882 5,955.0 15.1 40.3 12.6 
1883 7,152.7 13.7 44.7 5.2 
1884 10,631.7 93 97.5 30.4 
1885 13,717.0 8.6 135.6 6.7 0.7 
1886 13,658 .0 10.8 124.6 8.9 0.7 
1887 16,9435 13.7 125.3 98.6 1.4 
1888 21,7344 19.4 150.3 34.8 0.7 
1889 23,6498 33.1 166.4 34.8 c 
1890 27,206.1 44 6 217.0 34.8 
1891 32,749.8 53.2 2.2 128.3 21.5 0.7 
1892 33,9110 36.7 2.9 166.4 23.7 0.7 
1893 39,171.5 985.7 2.2 61.6 25.2 
1894 35,005 .2 616.9 1.5 145.9 10.4 0.7 
1895 45,545.1 3,343.4 1.5 159.8 10.4 1.4 
1896 46,483 .5 2,768.9 1.5 167.9 11.1 0.7 
1897 50,588 .0 2,161.3 2.9 170.1 10.4 0.7 
1898 58,3397 2,097.3 0.7 142.9 41.5 0.7 
1899 62,1239 2,914.8 2.9 99.7 34.8 0.7 
1900 71,821.6 3,610.1 0.7 31.5 44.5 1.4 
1901 79,925 .7 4,086.8 2.9 31.5 74.1 1.4 
1902 76,466.9 4,025.7 2.2 47.6 64.5 4.3 
1903 71,738.6 3,957.4 2.2 34.5 36.3 2.9 
1904 74,1220 4,933 8 1.5 16.1 72.6 56.2 
1905 49'387 5 5,193.3 11.0 106.0 242.6 
1906 54,2469 4,580.7 10.3 72.6 509.8 
1907 57,779.9 4,664.9 13.9 5.9 99.3 381.6 
1908 56,894.7 6,137.4 18.3 5.9 155.6 327.6 
1909 60,446.6 6,725.5 90.9 ie) 222.3 100.1 
1910 59,926.8 8,729.4 162.7 5.9 956.6 205.2 
1911 54,872 3 8,859.5 944 1 6.6 1,615.4 294.5 
1912 56,776.7 7,710.6 1,103.9 12.5 1,578.3 280.1 
1913 55,5238 8,679.8 583.5 64.5 959.6 166.3 
1914 51,698 .2 11,600.3 492.6 46.9 607.6 236.9 
1915 54.464.6 10,390.3 937.5 77.0 548.3 220.3 
1916 57,468.3 12,108.0 264.6 101.2 422.4 220.3 
1917 48.382 9 12,619.9 305.7 125.3 363.1 252.7 
1918 24,936.9 2,993.9 451.5 140.0 363.1 207.4 
1919 27,220.1 4,316.2 358.4 86.5 155.5 
1920 21,221.2 6,247.4 115.1 29.3 120.2 
1920-21 17,889.1 8,651.0 240.4 74.8 34.1 126.0 
1921-29 21,930.3 10,3313 310.1 89.4 53.4 123.8 
1922-23 26,012.9 10,809. 4 321.8 56.4 42.2 110.2 
1923-24 30,800.2 11.727.6 384.8 68.2 38.5 120.2 
1924-25 34,487 .5 14,572.0 484.5 118.7 45.2 136.1 
1925-26 40,666.8 17,341.6 457.4 92.4 84.5 133.9 
1926-27 50,204.3 21,726.0 490.4 109.2 74.1 159.1 
1927-28 55,746.6 25,7136 651.6 123.1 57.8 203 .8 
1928-29 63,812.8 31,945.2 1,023.3 120.2 65.2 171.4 
1929-30 74,860.2 43,550.5 3,324.9 101.9 86.0 282.2 
Sp. quarter 1930 21,484.0 15,802 .2 381.2 29.3 39.3 100.8 
1931 96,229 .2 57,979 .4 3,889.3 175.9 103.0 544.3 
1932 89,089 .0 55,432.7 6,666.6 151.0 251.2 449.8 
1933 111,964.9 34,9592 4,330.6 124.6 1,146.3 354.2 
1934 140,088.3 24,931.7 6,877.0 118.0 118.6 424.8 
1935 141,257.5 22,793.0 8,642.1 114.3 2,487.5 1,154.9 
19362 158,300.0 23,000.0 3 3 3 3 
otaleeets ose ie tens 2,904,725.9 | 588,027.4 44,367.84 5,249.14 13,922.84 8,585.64 
Before 1920-21....... 1,729,902.3 | 157,461.0 5,891.8 3,581.7 9,195.9 3,997.1 
After 1920-21........ 1,174,823.6 | 430,566.4 38,476.04 1,667.44 4,726.94 4,588.54 


1F, conversion factor from metric tons into barrels according to average crude gravities in each district. 
2 Preliminary estimates. 

3 Detailed figures not available. 

4 Not including 1936 production. 
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RUSSIAN OIL INDUSTRY IN 1936 


TaBLE 1.—(Continued) 


: Ural 
Emba Crimea Sakhalin pan Ural Kama Total 
— F = 6.97 F = 7.28 F = 6.8300) pape eae te em BOT 

e 2,630.7 
Sima a! 197.2 
497.2 

1873 
1rd 29 623.4 
966.3 

1875 2.2 9 

1876 0.7 wer 
1877 0.7 pee 
2,433.3 

1878 
ore 2,930.7 
1880 2,564.4 
138 4,827.7 
1889 6,023.0 
1883 7,216.3 
et 10,768.9 
1885 3.6 13,872.2 
1886 0.7 13,803 .7 
1887 17,182.5 
1889 0.7 23,884.8 
1890 3.6 27,506.1 
1891 2.2 32,957 .9 
1892 0.7 34,142.1 
1893 40,246 .2 
1894 35,780.6 
1895 49,061.6 
1896 49,4336 
1897 52,933 .4 
1898 60,622 .8 
1899 65,176.8 
1900 75,509 .8 
1901 84,1224 
1902 80,611 .2 
1903 75,771 .9 
1904 79,202 .2 
1905 54,940.4 
1906 59,420.3 
1907 62,9455 
1908 63,539 .5 
1909 : 67,592 .7 
1910 69,986 .6 
1911 125.5 66,717.9 
1912 116.4 67,578 .5 
1913 819.7 66,797 .2 
1914 1,901.4 66,583 .9 
1915 1,899.3 68,537 .3 
1916 1,774.6 72,359 .4 
1917 1,783.6 63,833 .2 
1918 1,016.2 30,109 .0 
1919 185.4 32,322 .1 
1920 211.2 27,9444 
1920-21 400.1 27,415.5 
1921-22 933.3 33,771.6 
1922-23 927.7 38,280.6 
1923-24 874.7 44,014.2 
1924-25 1,358.5 51,202 .5 
1925-26 1,520.2 60,296 .8 
1926-27 1,766.9 74,530.0 
1927-28 1,741.1 84,237 .6 
1928-29 1,875.6 120.0 4.2 99,137.9 
1929-30 2,381.6 509.5 39.0 125,135 .8 
Sp. quarter 1930 584.1 215.5 11.2 38,647 .6 
1931 2,270.1 911.8 43.2 162,146 .2 
1932 1,721.6 1,247.4 33.1 41.8 155,077 .2 
1933 1,368.9 1,389.4 147.4 100.4 155,835 .9 
1934 1,684.0 1,649.1 450.1 85.0 175,726.6 
1935 1,912.6 1,632.0 2,917.7 55.8 182,967 .4 
1936? 8 3 6,780.0 3 201,500 .0 
Watalivanttiaea Go 33,154.34 18.84 7,624.74 10,328.3 380.64 3,629,805 .3 
Before 1920-21....... 9,833.3 18.8 1,919,881 .9 
After 1920-21........ 23,321.04 3 7,624.74 10,328 .3 380.64 1,709,923 .4 
1937 plan............ 250,000.0 
1937 probability... .. . 215,000.0 
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initial production of its oil wells is more than compensated by the shallow 
depth. Seven wells already completed have initial production ranging 
from 70 to 200 bbl. from depth of around 2400 ft. Achi-Su is also favor- 
ably located in regard to supply depots and crude-oil transporta- 
tion facilities. 

Southeast Caucasus.—On the Apsheron Peninsula the Puta district 
saw several outstanding developments in 1936, a notable discovery having 
been made in Shangar, while Kergez and Kizil-Tepe, discovered prior 
to 1936, were being actively developed. In older famous fields of 
Baku district deeper penetration uncovered additional reserves of 
major magnitude. 

South of Apsheron Peninsula a major field was discovered at Pirsagat 
early in 1936, and a second producer was completed in October, producing 
2500 bbl. from 4500 ft. This field has been faced with a difficult problem 
of heaving shales, but as the year closed several wells were drilled through 
the heaving-shale section and the Soviet engineers reported that the 
problem was on the way to solution. 

North Caucasus.—Several small fields were discovered in Maikop and 
Kuban districts, outstanding being Asphalt Mountain and Kutaiski in 
Maikop and Adagum and Keslerovo in Kuban. 

Ural-Permian Basin.—Between Stavropol and Sizran, on the Volga 
River, very promising results were obtained in the Samarski Luki range 
of hills, a well-known major anticlinal fold. While commercial produc- 
tion has not yet been found, results suggest a major province. Ishim- 
baevo field, in Bashkir Steppes, was actively developed during 1936 and 
its production reached 6,780,000 bbl., as compared with 2,917,000 bbl. in 
1935. Ishimbaevo’s 1937 output should reach 12,000,000 to 15,000,- 
000 barrels. 

Summary.—Thus it is estimated that during 1936 the Soviet oil indus- 
try blocked out between 400,000,000 and 500,000,000 bbl. of new crude 
oil at easily accessible points, or at least twice the volume of its production 
in that year. 

Refining —During 1936 Russian refineries ran to stills 178,000,000 
bbl., or 14.8 per cent above 1935 runs, when 152,000,000 bbl. were proc- 
essed. The refinery facilities of U. 8. 8. R. are being actively expanded, 
with particular stress on cracking equipment. It is estimated that during 
1936 about 68,000,000 bbl. of various stocks were charged to Soviet 
cracking stills, producing some 27,000,000 bbl. of gasoline, or a recovery 
of 39.8 per cent—a major improvement over the showing of the preceding 
years, indicating that Soviet engineers are finally becoming familiarized 
with the various processes. Polymerization plants are also being built 
and planned in order to provide aviation with high-octane motor fuel. 

Exports.—During the first 11 months of 1936 exports of petroleum 
products from U. §. 8. R. declined 17.0 per cent in volume and 12.8 per 
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TABLE 2.—Drilling in Russian Oil Fields from 1871 to 1936 


Thousands of Feet 
Ie 


Central Asia 
Trans- North | Northwest Ural 
ae Caucasus, rat Embe:: |S ae ae Dis- | Crimea | Total 
aku an ai ic 
Georgia Grosny | and Kuban Turk- | Sredaz- - 
menneft| neft 
1871 0.3 0.3 
1872 
1873 8.9 8.9 
1874 9.8 9.8 
1875 5.2 5.2 
1876 9.5 9.5 
1877 5.6 5.6 
1878 17.4 17.4 
1879 23.3 23.3 
1880 9.2 9.2 
1881 15.7 15.7 
1882 21.3 21.3 
1883 16.4 16.4 
1884 36.4 36.4 
1885 41.3 41.3 
1886 46.3 46.3 
1887 67.6 67.6 
1888 58.7 58.7 
1889 95.1 95.1 
1890 103.7 103.7 
1891 140.1 140.1 
1892 82.0 82.0 
1893 76.4 0.3 76.7 
1894 83.3 0.3 83.6 
1895 142.7 1.6 144.3 
1896 196.2 19.0 215.2 
1897 278.2 278.2 
1898 401.6 25.3 426.9 
1899 571.2 33.8 605.0 
1900 580.4 43.3 623.7 
1901 528.9 53.2 582.1 
1902 280.5 30.5 311.0 
1903 343.5 44.6 388.1 
1904 435.4 37.4 472.8 
1905 249.0 35.8 284.8 
1906 336.0 38.4 374.4 
1907 427.5 52.8 480.3 
1908 426.5 63.3 489.8 
1909 380.6 82.7 463.3 
1910 354.3 87.6 31.5 473.4 
1911 341.2 71.5 83.7 4.6 501.0 
1912 436.4 | 118.8 73.2 | 11.2 639.6 
1913 563.7 206.4 101.4 30.2 5.9 907.6 
1914 467.5 278.9 42.7 31.5 820.6 
1915 413.4 178.5 38.1 25.6 655.6 
1916 388.8 159.5 18.0 28.5 594.8 
1917 228.0 127.0 7.2 362.2 
1918 17.7 ae 18.4 
1919 43.3 43.3 
1920 20.3 4.3 24.6 
1920-21 ate 5.9 1.6 ae 19.4 
1921-22 49.2 11.2 1.6 ef 62.7 
1922-23 165.7 55.1 6.2 1.6 228.6 
1923-24 254.6 132.9 11.5 5.2 404.2 
1924-25 389.8 187.0 7.9 12.8 0.3 597.8 
1925-26 658.8 245.7 16.4 18.7 4.9 944.5 
1926-27 830.4 343.8 28.5 40.0 1.3 8.2 1,252.2 
1927-28 855.0 245.1 38.4 43.0 1.0 5.6 1,188.1 
1928-29 1,051.6 288.1 44.3 59.1 1.0 10.5 8.9 1,463.5 
1929-30 1,328.1 349.8 60.7 97.1 wae 22.3 17.7 | 36.4 1,919.3 
Sp. Quarter 1930 386.8 95.1 21.7 34.5 1.3 7.5 1.0 11.5 559.4 
1931 1493.8 400.3 126.3 160.8 6.6 45.6 26.6 | 60.4 2,320.4 
1932 1,610.0 331.7 160.8 146.3 9.5 60.7 57.7 66.6 2,443.3 
1933 1,773.7 451.1 154.9 119.1 8.2 63.7 60.0 | 110.6 2,741.3 
1934 2,648.4 800.2 216.2 154.2 | 17.1 80.1 68.2 | 128.6 4.3 | 4,117.3 
1935 3,181.3 853.1 339.6 157.5 | 24.3 63.7 74.2 | 226.7 6.2 | 4,926.6 
1936 1 1 1 ! 1 - be 1 1 6,694.2 
Motalie cae osireers ac 26,514.72 | 6,590.92 | 1,625.22 |1,190.82] 77.52 | 379.02 | 314.32] 640.8?) 10.5? |44,037.9 
Before 1920-21..... 9,826.3. | 1,794.8 388.6 139.5 5.9 12,155.1 
After 1920-21....... 16,688.42 | 4,796.12} 1,236.62 |1,051.32| 77.52 | 373.12 | 314.32] 640.87} 10.5? |31,882.8 
1937 plan........... 8,200.0 
1937 probability. ... 8,000.0 


1 Detailed figures not available for 1936, 
# Not including 1936 footage, 
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cent in value as compared with the corresponding period of 1935—an 
interesting development. The generalized table (Table 3) illustrates 
well the trend of change. 


TaBLE 3.—Exports from U.S. 8. R. 


Barrels 

11 Months 1935 | 11 Months 1936 |  hange, 

Soe ey ae Vas ON Bot 753,438 1,081,409 +435 
Gasoline twee a9 he chr ee SER 5,164,281 3,392,829 —34.3 
irouete Meret, wei cacal oat sen cals. 2,938,160 2,874,464 222.2 
HOI TIC RLM EONS yee io yeuacih S ayia 1,673,471 1,434,752 —14.3 
Gas and fuel oils...................-.| 10,330,560 8,535,105 Wee 
20,859,910 | 17,318,559 =4700 

CONCLUSION 


It should be stressed that in 1937 the Russian oil industry will begin 
to approach the American production and refining standards, though it 
will probably take the country another five years or longer to fully catch 
up with American engineering methods and practices. 

The rapid industrialization of U. 8. 8. R. will continue in 1937 to make 
greater and greater demands for petroleum products and hence exports 
will continue to decline. 


Petroleum Development in Venezuela during 1936 


By C. C. McDrrmonp* 
(New York Meeting, February, 1937) 


In reviewing petroleum development in Venezuela during the year 
1936, it is well to bear in mind certain factors that affected progress, 
although not directly connected with the oil industry itself. At the 
start of the year, when the present Federal Administration took over the 
reins of government, reaction against the former regime resulted in some 
popular uprisings. Although these were entirely political in character, 
they were not without their effect on the oil industry itself. 

Such popular agitation really ended with a short general strike in 
Caracas, Maracaibo and other cities during June, these strikes being 
based on demands for certain changes in government policies. The 
strikes were duly investigated and their motives taken into consideration 
by the executive power or by Congress, and during the year many of 
the civil, political and administrative laws have been revised. 

In June and December, however, it was necessary to suspend activi- 
ties in drilling and production work, particularly in the Lake Maracaibo 
Basin area. In June a strike caused a five-day shutdown in the main 
producing fields and on Dec. 14 labor difficulties resulted in a shutdown 
that continued to the end of the year, which necessitated suspension of 
all drilling and production in the Lake Basin area and curtailment of 
shipments to deep-water terminals. Actually, the strike lasted for a 
period of 42 days, until Federal intervention brought the dispute to a 
close with minor wage increases to workers but with no loss of initiative 
or independence on the part of the oil companies. Operations in eastern 
Venezuela were not affected by the labor disturbances, production and 
exports having been reduced in December only in the Lake Basin fields. 


WeELL COMPLETIONS 


On Jan. 1, 1937, a total of 3384 wells had been completed throughout 
Venezuelan fields, as compared with 3094 on Jan. 1, 1936. Of these wells, 
2005 were producers. The 290 completions effected during 1936 were 
by the following operating companies: Lago Petroleum Corporation, 123 
completions; Dutch Shell group, 104; Standard Oil Company of Vene- 
zuela, 46; Mene Grande Oil Co., 15; British Controlled Oilfields, Ltd., 2. 


Manuscript received at the office of the Institute Feb. 13, 1937. 
* McDermond Scouting Service, Maracaibo, Venezuela. 
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Drilling during the year was confined to the following main producing 
fields: La Rosa, Lagunillas, Mene Grande, Media, Cumarebo and 
Quiriquire. Wildcat drilling was carried on in eastern Venezuela and will 
be covered in another section of this report. 

No completions were effected during 1936 in the following fields: 
El Mene and Hombre Pintado (B.C.O.); La Paz and Concepcion 
(V.O.C.); Tarra, Los Manueles and Rio de Oro (C.D.C.); Totumo, Las 
Palmas, Pedernales and Orocual (S.0.V.); Urumaco (R.P.V.); Guanoco 
(N.Y.B.); Mene de Acosta (T.0.V.) and Netick (0.0.C.). 

Abbreviations of company names used throughout this paper are 
as follows: 


B.C.O., British Controlled Oilfields, Ltd. N.Y.B., New York & Bermudez Co. 
V.0.C., Venezuelan Oil Concessions, Ltd. T.O.V., Tocuyo Oilfields of Venezuela. 
C.D.C., Colon Development Co., Ltd. 0.0.C., Orinoco Oil Co. 

S.0.V., Standard Oil Company of Vene- L.P.C., Lago Petroleum Corporation. 


zuela. C.P.C., Caribbean Petroleum Co. 
R.P.V., Richmond Petroleum Company M.G.O., Mene Grande Oil Co. (formerly 
of Venezuela. . Venezuela Gulf Oil Co.). 


Of the 290 completions, only four wells were dry holes or junked— 
one at Media field, one at Cumarebo and two at Quiriquire. 

As in previous years, Lagunillas field contributed most to 1936 drilling 
activity, with 175 completions; followed by La Rosa with 44, Quiriquire 
with 38, Mene Grande with 22, Cumarebo with 9 and Media with 
3 completions. 

However, only 150 of the 290 wells completed during 1936 were 
actually producing on Jan. 1, 1937. The difference is due to the fact that 
a number of new wells were closed in immediately after completion 
because of lack of facilities; particularly where step-out drilling was 
carried on and where no flow lines or pickup stations had yet been pro- 
vided to permit production. Also, many wells that were flowing naturally 
before showed declining output to a point where pumping was considered 
necessary, and several were closed in pending arrival and installation of 
the necessary pumping units. 

At close of 1936, twenty-five strings of tools were in operation in eight 
fields as follows: La Rosa, 3; Lagunillas, 8; Mene Grande, 4; Media, 1; 
Rio Tarra, 2; Cumarebo, 1; Quiriquire, 5; Pedernales-Amacuro, 1. Addi- 
tional strings were in use on wildeats; viz., 7 on exploratory wells of the 
Standard Oil Company of Venezuela and 3 in operations of the Mene 
Grande Oil Co., both in eastern Venezuela. 

A concise summary of drilling operations in Venezuela from start of 
operations in 1917 up to and including Jan. 1, 1937, is given in Table 1. 
A total of 3747 wells had been drilled. in producing fields (including the 
new Amacuro field, which is actually a part of the Pedernales field). Of 
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these, 3147 were producers, 368 having since been abandoned, and 232 
wells were dry or junked holes. 


TaBLE 1.—Summary of Drilling Operations, Venezuela 
Year Ending Jan. 1, 1937 


Oil Wells Drilled Active Drilling 
=_— Operations End 
a p 
3 Area, |, Prior to Jam 1; During 1936 | Abandoned Total of Hole Sag 
Fields Proven, 1936 Pridden otal Drilled 
Acreage to Date, 
Pro- | Dry or | Pro- | Dry or Ft. > 
ducers | Junked | ducers | Junked Ot ee 

Ambtosid:. esc teeeees ( \ 
La Rosaeseaeect one 28,070 | 1,034 21 44 69 1,168} 2,360 | 3 
Punta Benitez......... f 
Dagumllas feo ase 48,0752) 811 10 175 21 1,017] 3,360 | 8 
Mene Grande........... 5,980 268 16 22 14 320} 2,380 | 4 
WI Mene- paces nearer 850 227 58 121 406 | 1,000 
MediaSe terra. ema c 55 16 12 2 1 13 44| 3,500 | 1 
Hombre Pintado......... 150 4 1 5| 1,600 
Tia PaS steht a eee 255 31 4 2 37} 1,310 
Concepcion............. 910 101 1 1 103 | 1,718 
Rio Parray ae, 2 eee 985 67 13 10 90} 2,310 | 25 
Rio.deOrotes. agente 400 2 2 4] 1,630 
Los Manueles........... 255 13 2 2 17| 4,020 
Guanocoleae jee eek oe 150 15 9 10 34| 1,298 
Mene de Acosta......... 75 40 41 67 148 
Totumose.aa reas cae tes 300 10 2 2 14] 2,359 
Tas Palmas ote. 50 7 6 5 18} 2,750 
Cumareboinvecs: a. citane 470 70 12 8 1 13 104] 1,625 | 1 
Quiriguire:....sen eo 3 10,250 133 9 36 2 9 189 | 3,000 
Urumacosisose sustinece 100 4 2 3 9] 3,383 
Netighe sa. stance 2 2 
Pedernales®:7.2.0-6...5 130 2 4 2 2 10 4 1 
Qroowal HAG Ata oun 975 1 3 4 8| 3,000 

Total Saaccesce teak 98,485 | 2,858 | 228 289 4 368 3,747 25 


1 Exploratory or wildcat operations. 

2 Tia Juana included (7210), also Bachaquero (4750). 
3 Includes Amacuro. 

4 Amacuro: 5380. 

5 Deepening. 

Proven Acreage.—In the first column of Table 1 is given an estimate 
of the proven acreage in each field. These figures are based on latest 
available data and include extension of the various fields during the year 
1936. The estimated total of 28,070 acres for the La Rosa area includes 
the Ambrosio-La Rosa-Punta Benitez fields. These three have been 
gradually joined by drilling into one common productive field and pro- 
duction and export totals for the La Rosa district include figures for the 
three formerly separate fields. The total of 48,075 acres estimated for 
Lagunillas includes Tia Juana and Bachaquero fields as well, and is in 
comparison with 45,500 acres a year ago. There is also a small increase 


Cc. C. McDERMOND 627 


shown in the Mene Grande field, total acreage proven to date being 
5980 acres. Very little proving up was accomplished during the year 
in the Quiriquire field or Cumarebo fields, most drilling having been in 
areas already proved up. 


PRropucinG Fie~ps AND Mrruops or PRopuctTIoNn 


In Venezuela fields, 2005 wells were producing oil at the end of 1936, 
which is an increase of 150 producers for the year. Output was taken 
during 1935 and 1936 as follows: 


Method 1935 1936 Increase Decrease 
HNP ainveeeav Abba. Soo oes Gen noe ae 513 570 57 
(GEIS: Ope PRAM, Oko ooae cae coe ueuades 314 Dilla 41 
NP UTE NPOLM Pie Pee de PS are dv 8 Se EG, 1028 1162 134 
KRG Cala eueeweee ttee ee es ne, 1855 2005 150 


Table 2 shows in detail the total number of wells in each category 
and field pertaining to the respective operating companies as of Jan. 1, 
1937. Table 3 gives completion compilation in Venezuelan fields for 
each year from 1914 to 1936 inclusive. 


PRODUCTION OF CRUDE OIL 


The production of crude oil in Venezuela reached a new high during 
1936, when a total of 155,228,982 bbl. was reached—in contrast with the 
1935 total of 148,528,790 bbl., or an increase of 6,700,192 bbl. over 1935 
and almost 1714 million barrels over 1934 production. It is worthy of 
note that an estimated 534 million barrels output was lost because of 
shutdown in activities during the period of the December strike in the 
Lake Basin district. The 1936 total might well have exceeded 160 
million barrels. 

The fields contributing to the 1936 output with names of operating 
companies are given in Table 4. Their respective percentages of partici- 
pation in the 155,228,982-bbl. total were as follows: Lagunillas, 55.4 per 
cent; Quiriquire, 15.0; La Rosa, 13.7; Mene Grande, 10.0; others, 5.9. 

In the Lagunillas field, the Lago Petroleum Corporation contributed 
about 46 per cent to the field total, the Venezuelan Oil Concessions about 
34 per cent and the Mene Grande Oil Co. 19 per cent, whereas in the 
La Rosa field percentages were Lago 40 per cent, V.O.C. 40 per cent 
and M.G.O. 20 per cent. 

The increase of 6,700,192 bbl. over 1935 total output of 148,528,790 
was due to the flush production obtained from new drilling in Lagunillas 
and Quiriquire, and to the increased yield from 134 new pumping units, 
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most of which were installed in the Maracaibo Lake Basin district. The 
rapid expansion of pumping facilities was due in large part to the rework- 
ing of many old wells and others that had previously been minor pro- 
ducers by air-lift or gas-lift. The increase in output from the Bolivar 
coastal fields of La Rosa and Lagunillas can be attributed also to the 
expansion in drilling of the three major operators towards the end of the 
year, which was due mainly to offset drilling. 


TABLE 4.—Summary of Production, Venezuela, in 1936 
sa Stags 2 ES a 5 TOS SCE POEL oe So ee 


Number of Wells 
Production, Bbl. of 42 Gal. Producing by Various 
Methods Age | Average 
Fields of | Gravity 
(Over 1 Yr. Old) Field, of Oil, 
ears BEA 
Prior to 1936 | During 1936 | Gum. fo Gud | How- | Gas and | Pump- 
ATADTOBIOM Asser Se tect 
MON EEL OSS Hee lo te cis rsh arcictoe 271,238,194 | 21,287,809 292,526,003 
Punta Beniteg...........2.00: 
Mrargumillase ty. car. .iocaececkies +s 584,580,971 | 85,997,554 670,528,525 | 224 95 500 | 1014 16.70 
Moene:Grandé.. 2... eck. ne 158,281,177 | 15,428,454 173,709,631 58 70 5 | 23 1 
JOON Cit oe ae Ue ee 3 20,153,930 583,931 20,737,861 37 51 | 164% | 37.20 
Mediate £2 Sater cks eee 1,109,145 227,456 1,336,601 2 5 6 37.50 
Hombre Pintado.............. 187,651 15,248 202,899 1 8 36.67 
DOM ST A aire sae Ore ee Ae 3,362,523 183,820 3,546,343 1 3 | 14 21.60 
Woncepcion. 4.5). aa25 0s 3s. 0a 17,041,760 1,111,693 18,153,453 3 75 | 12 35.40 
MO GOLOrO’..:. 0 Fe ee ee ss se 21 30.20 
BLATT picerereie sc ees otha = opi singe eyare 25,053,632 3,412,569 28,466,201 7 19 | 2044 2 
Los Manueles..............04 13,624,352 825,450 14,449,802 8 10 8 
GATOS. FS aches) sictspals orm ats 1,855,805 1,855,805 23 10.49 
Mene de Acosta.............. 820,192 24,290 844,482 135 | 10 4 
POUUIO orice cate Acie’ sh asie se od 141,636 141,636 2144 | 20.98 
as Palmas..co 3 gence. egw. 163,896 10,285 174,181 8 34.00 
(GAiiEG co Sie ae See 13,919,703 2,794,092 16,713,795 35 6 6 4 
Quiriquire..... 0. oe eet 49,592,986 | 23,176,855 72,769,841 89 27 8 16.00 
PPECOPNANGS., ishars Gs sver01%) Fie <l,018 45,257 4,076 49,333 3 15.00 
Mroctal wa eee ssonaseces 17,340 9,951 27,291 3 13.00 
PATRACUROME cee Riots aves sector ae 135,439 135,439 3 ak 18.70 
AUR UIAC Oph cra us tata, ole ere: s 2h state ales 205,072 205,072 10144 | 34.00 
INGUIG)- CS e  GRS AR COCR eens 55,118 55,118 4 27.00 
TOGBEes da estas ana raels's dated 1,161,400,340 | 155,228,982 | 1,316,629,312 | 570 273 1,162 


128° and 17.45°. 

2 30.2° and 22.6°. 

3 Production prior to Jan. 1, 1931 included with Tarra. 
4 From 41° to 50°. 

5 Estimated. 


The daily average for the year 1936 was 424,123 bbl. compared with 
406,914 bbl. in 1935. The monthly daily averages varied from a low of 
400,345 bbl. in June 1936 to a high of 455,825 in October. December 
production of 8,300,718 bbl. averaged only 267,765 bbl. daily, the sharp 
decline being due to shutdown of producers in the Lake Basin area because 


of labor disturbances. 
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In Table 4, a summary of production is given. In 1936 production 
was being taken at the end of the year from a total of 570 wells flowing 
naturally, 272 by air or gas-lift, and 1162 pumpers—a total of 2005 wells. 

The Mene Grande field of the Caribbean Petroleum Co. is the oldest, 
being a producer for 23 years, La Rosa is second with 19 years, and 
El Mene third with 1614 years, followed by Lagunillas with 1019 years. 
The youngest is the Amacuro field, of the Standard of Venezuela in 
eastern Venezuela, which was opened during 1936. It is, however, 
really part of the three-year old Pedernales field, the name being changed 
because the Venezuelan Seaboard Oil Co. participates in production 
from this field. 

Gravities of the oil produced vary from a low of 10.49° A.P.I. gravity 
in the Guanoco field to a high of from 41° to 50° A.P.I. in the Cumarebo 
field. At Amacuro the average gravity of oil, based on two completions 
effected during the year, is 18.7° A.P.I. 

Table 5 shows the monthly production of crude oil in each Venezuelan 
field throughout the year, giving names of respective operators and 
showing the yearly total of 155,228,982 bbl. for 1936 for all fields and 
companies. To this total the Lagunillas field contributed 55.4 per cent, 
Quiriquire field 15.0 per cent, La Rosa field 13.7 per cent, Mene Grande 
10.0 per cent and the others 5.9 per cent. 

Table 6 shows the yearly totals of production from 1917 up to and 
including 1936. The aggregate grand total of 1,316,629,322 bbl. of crude 
had been produced up to Dee. 31, 1936. 

The 1936 high output of 155,229,982 bbl. was seconded by 1935 pro- 
duction of 148,523,790 bbl. The order in which the various fields partici- 
pated in the total accumulated production over the period 1917-1936 
was as follows: Lagunillas, 51 per cent; La Rosa area, 22; Mene Grande, 
13; Quiriquire, 6; others, 8. 


Exports oF CruprE OIL FROM VENEZUELA 


Shipments of crude from all Venezuelan fields during 1936 reached the 
record total of 149,140,963 bbl., compared with 140,410,240 bbl. during 
1935, or an increase of 8,730,723 bbl. Such exports during 1936 averaged 
408,605 bbl. daily throughout the year. 

Starting in January with 11,039,817 bbl. exported, or a daily average 
of 356,123 bbl., exports increased gradually until the peak month of 
August, when 13,724,242 bbl. (daily average of 442,717) was reached. 
From September to December shipments declined slightly, shipments in 
December having been lowest because of the strike in the Lake Maracaibo 
district, when only 10,562,368 bbl. was shipped, or daily average of 
340,721 barrels. 

Details showing 1936 exports from all producing fields and giving © 
names of participating companies are shown in Table 7. Total exports 
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from each field during 1936 are shown in Table 7. Percentages of 
participation were: Lagunillas, 57 per cent; La Rosa, 14; Mene Grande, 8; 
Quiriquire, 7.6; Guiria, 6.7; others, 6.7. 

Combined exports from Quiriquire and Guiria terminals of the 
Standard Oil Company of Venezuela’s producing fields in eastern Vene- 
zuela exceeded shipments from the La Rosa field, thus making that field 
second in rating as an exporter of Venezuelan crude, and placing La Rosa 
in third place. 

Shipments from all fields for the period 1917 to 1936 inclusive, giving 
yearly totals as well as the grand total on Dec. 31, 1936, are given in 
Table 8. The percentages of participation of each field are as follows: 
Lagunillas, 53 per cent; La Rosa, 22; Mene Grande, 10.7; Quiriquire and 
Guiria, 5.3; others, 9 per cent. The cumulative total of 1,236,502,061 bbl. 
exports during the period 1917 to 1936 inclusive compares with the total 
accumulated production for the same period of 1,318,629,322 barrels. 

Destinations of Shipments.—Crude oil from the producing fields and 
terminals listed above is shipped to deep-water terminals as follows: 


Mene Grande Oil Co. (Lagunillas and La Rosa fields) to Las Piedras Terminals, 
Paraguana. 

Caribbean Petroleum Co. (Mene Grande field) to Dutch Shell Refinery at Curagao, 
N. W. I. 

Venezuela Oil Concessions (Lagunillas, La Rosa, Concepcion and La Paz fields) to 
Dutch Shell Refinery at Curacao, N. W. I. 

Colon Development Co. (Tarra and Manueles fields) to Dutch Shell Refinery at 
Curacao, N. W. I. f 

British Controlled Oilfields (Media and El Mene fields) crude sold under contract to 
Shell for delivery to Curagao, N. W. I. 


Lago Petroleum Corporation (Lagunillas and La Rosa fields) to Lago Oil & Transport 
Co. Refinery at Aruba, N. W. I. 

Standard Oil Company of Venezuela (Cumarebo field) to Tucupido Terminal by pipe 
line for shipment to world ports. 

Standard Oil Company of Venezuela (Quiriquire field) through Caripito terminal on 
San Juan River and by shuttle tankers to Guiria Terminal for shipment to world 
ports. 


N. Y. & Bermudez Co. (Guanoco field) occasional shipments to U. S. A. 


Tocuyo Oilfields of Venezuela (Mene de Acosta field) occasional shipments to world 
ports. : 


Crupr Ot In SroraGcE JAN. 1, 1937 


At the end of 1936, crude oil in storage throughout Venezuela 
amounted to only 2,232,152 bbl. as compared with about 6,469,348 bbl. 
at the end of 1935. 

Steel tankage employed for storage of crude, fuel oil, ete., totaled 
capacity of 15,464,050 bbl., in 396 tanks ranging in size from 250 bbl. 
to 85,000 bbl. each, and distributed throughout all fields and shipping 
terminals. Storage capacities of the various companies are as follows: 


Cc. C. McDERMOND 641 


BARRELS BARRELS 

British Controlled Oilfields, Tocuyo Oilfields of Venezuela 87,500 

ESE le hy (tk ioe ao 309,000 Mene Grande Oil Co........ 5,575,000 
Caribbean Petroleum Co...... 1,474,500 Venezuelan Oil Concessions, 
Colon Development Co., Ltd.. 546,950 tol eenea eet Wei. Aah 1,792,100 
Standard Oil Co. of Venezuela 1,454,000 West India Oil Co.......... 100,000 
Lago Petroleum Corporation... 3,985,000 Coro Petroleum Co......... 20,500 
New York & Bermudez Co.... 115,000 Orinoco Oil Co............. 4,500 

Polat wee ate 5 ml ey toh ty) a Yer tel see nh 15,464,050 


At the end of 1936 there was available storage space for approximately 
13,231,898 bbl. The small quantity of crude in storage at the end of 
December was due principally to curtailed production during December 
when such operations were suspended because of the strike. Shipments 
of the Mene Grande Oil Co. from lake fields to Las Piedras terminal were 
stopped on Dec. 14 and not resumed before the end of the year, whereas 
exports from Las Piedras terminal to world ports depleted accumulated 
crude in storage at that point. 


PropucinG FIELDS 


As a result of 1936 developments, substantial extensions were made 
in the exploited portions of the Bolivar Coastal fields (La Rosa, Lagunillas 
and Mene Grande) as well as in eastern Venezuela (Quiriquire, Peder- 
nales, Amacuro). 


Lagunillas Field 


This producing area contributed about 55.4 per cent to the total 
production for 1936, and about 57 per cent to the total cumulative pro- 
duction of Venezuelan fields, and was the scene of most activity in western 
Venezuela. It is in the District of Bolivar, State of Zulia, about 35 km. 
southwest of the older La Rosa field and about 45 km. northwest of 
San Lorenzo, the lake terminal port for the Mene Grande field. 

The productive levels are correlated with the tar zone of La Rosa area, 
and comprise an interval of 200 to 300 ft. over a large part of the field. 
This interval may be divided into at least two oil zones of which the upper 
yields oil of 14.0° to 16.5° Bé. and the lower and most important 17.5° to 
21.0° Bé. In the approximate southern two-thirds of the field, the 
lower zone directly overlies the Eocene surface and is believed to pinch 
out against the unconformity in an updip direction. A tar zone about 
400 ft. thick containing oil of 11° to 12° Bé. is also present in the southern 
two-thirds of the field, the top of this zone being about 1000 ft. above the 
Eocene surface. In view of its thickness and wide extent, this zone con- 
tains a vast quantity of tar crude. 

Including the Tia Juana area (7210 acres) and the Bachaquero area 
(4750 acres) and considering present productive levels, drilling to date 
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in the Lagunillas section has proved an area of about 48,075 acres, of 
which about half is under exploitation. 

Production activities center in the operations of three companies in 
this area; viz., the Venezuelan Oil Concessions, the Lago Petroleum 
Corporation and the Mene Grande Oil Co., C. A. The first operates 
concessions on the mainland to the lake shore, the second operates con- 
cessions in the lake bed with exception of a strip 1 km. wide, which sepa- 
rates the Lago’s holdings from those of the Venezuelan Oil Concessions. 
This strip is developed by the Mene Grande Oil Co. 

During recent years only the Lago and V.O.C. carried out new drilling 
in Lagunillas, but in 1936 the Mene Grande Oil Co. resumed drilling and 
started an extensive program for drilling up its hitherto undrilled loca- 
tions in the northern part of the field. Operations of the three companies 
were as follows: 

Lago Petroleum Corporation.—This company maintained three strings 
of tools in this district throughout the year, drilling several wells in 
previously undrilled sections created by drilling of step-out wells the 
previous year. Four step-out wells were also drilled in the extreme west, 
some 814 to 9 km. out from the lake shore. Five wells were also drilled 
in the extreme southern section of Lagunillas. In drilling the four step- 
out wells to the west, a new producing zone was discovered almost 9 km. 
from shore, commercial oil sands being found in the marine La Rosa 
formation. This discovery well (LL-261) resulted in fairly large natural 
flow of light ‘‘Santa Barbara zone” crude with strong pressure, the well 
being completed at 4270 ft., with daily initial production of 1260 bbl. of 
28.4° A.P.I. gravity. The average gravity of oil from this formation in 
Lagunillas is around 15.5° A.P.I. 

In addition to its drilling program the Lago maintained several strings 
in work-over and repair jobs on old wells and several ‘“‘wet’’ wells were 
repaired and recompleted. 

The Tia Juana section of the Lagunillas field also saw renewed activity. 
Following the lead of the V.O.C., the Lago started drilling in the Tia 
Juana field after suspension of drilling in the area since 1928, when it was 
considered the district comprised an important future reserve of heavy 
oil. It is between the Lagunillas and La Rosa fields, and the tar zone of 
the La Rosa area, which consists of a thick body of soft, porous, oil- 
saturated sands, is the important productive level of the field. One well 
was brought into production during the year with an initial output of 
1100 bbl. of 14.7° A.P.I. gravity. A second well was started but had 
not been completed by the end of the year. 

During 1936 the Lago started 83 wells, of which 81 were brought into 
production, in addition to another that was spudded the previous year, 
making 82 completions. Average depth of wells was 3750 ft. in the 
northern section and 4400 ft. in the southern section of the field. Average 
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daily production of the new completions was 420 bbl. in the north and 
835 bbl. in the south. 

Average daily output was 110,350 bbl. in January 1936 and 116,675 
bbl. in November. Total production of the Lago from the Tacoma: 
area, including Tia Juana, amounted to 40,733,015 bbl., as compared with 
36,717,978 bbl. in 1935. The increase of more than four million barrels 
came from new flush production in the 82 wells completed, as well as from 
a total of 142 pumpers compared to 107 pumpers at the start of 1936. 

Venezuelan Owl Concessions, Ltd. (Lagunillas, Tia Juana and Bacha- 
quero).—This company operated seven strings in the Lagunillas district 
throughout the year, adding an eighth string to drill in the Bachaquero 
area during November. Work was divided between new drilling and 
work-over wells. 

During 1936 the V.O.C. spudded in 84 wells in the Lagunillas area, 
including 66 in the Lagunillas field proper, 15 in Tia Juana and 3 in the 
Bachaquero area, of which 77 were producers, together with two wells 
spudded in 1935, making 79 producers and one well completed as a 
gas well. Average daily initial production of the completions was: 
Lagunillas, north 585 bbl., south 1000 bbl.; Tia Juana, 440 bbl.; Bacha- 
quero, 470 bbl. Total Production of the V. 0. Grin Tee tills area during 
1936 amounted to 30,001,001 bbl. as compared to 26,712,249 in 1935, an 
increase of over 314 million barrels. Average daily production in 1936 
ranged from 81,075 bbl. in January to 96,440 bbl. in November. 

One completion of the V.O.C. in the Lagunillas field (No. 366) was 
of much importance, as it is the most easterly well yet drilled and was 
completed for over 400 bbl. daily initial production. Its completion 
proved up additional potential production in this field. Another impor- 
tant well was in the Tia Juana area, located farthest inland. The 
well made only 15 bbl. daily of 4.6° A.P.I. gravity oil and is considered 
probably the edge of the field. A 120-ft. fault is reported to cut right 
through this well. The La Rosa tar zone was well developed and appeared 
richly saturated with oil. The La Rosa formation was wet. The fault 
left the tar zone and La Rosa formation on the downthrow side. 

In the V.O.C.’s Bachaquero well LB-1, reported to be 700 m. updip 
from the Mene Grande Oil Company’s Lagunillas No. 1, the Younger 
Tertiary group was tested and made 690 bbl. of 13.7° A. P.I. gravity. 
The lower level in this well was tested later and resulted in 333 bbl., no 
gravity being reported. 

The V.O.C. expects to install 36 pumping units in its Tia Juana field, 
12 to be installed in 1937, and the remainder as and when new wells 
are completed. 

Mene Grande Oil Co., C. A—This company resumed drilling activities. 
in the Lagunillas area after a lapse of several years during which repair 
work only and preparing wells for pumping were carried out. Its inten- 
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tion is to drill up all undrilled locations in Lagunillas as well as in La Rosa, 
and then transfer drilling operations to eastern Venezuela. Thirteen 
wells were spudded in and completed as producers during 1936, averaging 
250 bbl. daily of 17.5° A.P.I. crude. Seven of the wells were put to 
pumping on completion, the aggregate production of the 13 completed in 
1936 being 2619 bbl. daily. 

The M.G.O. maintained a few strings in work-overs and re-comple- 
tions during the year. Pumping installations increased from 161 on 
Jan. 1 to 188 at the end of the year, when several additional wells were 
being equipped for pumping. 

Total production for the year amounted to 15,269,299 bbl., as com- 
pared with 18,052,435 bbl. in 1935, a decrease of about 314 million 
barrels. Average daily production ranged from 47,795 bbl. in January 
to 41,820 in November 1936. This decrease is partly due to the fact 
that no new drilling was started until the latter part of the year and the 
aggregate daily output of new completions averaging only 2619 bbl. was 
insufficient to counterbalance declining output of the field’s production. 


La Rosa Field 


The general term ‘‘La Rosa field’’ covers the three formerly separate 
localities of Ambrosio, La Rosa and Punta Benitez, which have gradually 
been joined by drilling into one common productive field. It is about 
35 km. northwest of the Lagunillas field and has a proven acreage of 
about 28,070 acres. 

The La Rosa field operations are carried on by the Venezuelan Oil 
Concessions, Ltd., Lago Petroleum Corporation and Mene Grade Oil Co., 
C. A. In recent years only the Lago engaged in active new drilling, the 
other two companies confining such operations to work-over and repair 
jobs. In 1936, however, all companies were drilling actively. 

Oil sands (19° to 29° Bé.) present in the marine Upper Oligocene strata 
have furnished nearly all of the recovery to date. As in the remainder 
of the Bolivar Lake Shore fields, the Eocene surface (unconformity) is 
usually the final depth objective. An impressive future oil reserve is 
contained in a 300 to 450-ft. zone of tar sands (14° to 18° Bé.) which 
directly overlies the Oligocene, has a wide areal extent and at present 
is being exploited in only a few wells. The landward limits of the La Rosa 
area oil zones have been fairly well defined, but their lakeward limits 
have not yet been determined. 

Total production of all companies from the La Rosa field in 1936 
amounted to 21,287,809 bbl. as compared with 21,538,642 in 1935. 

It has been made known that the Mene Grande Oil Co., C. A., intends 
to drill up all its undrilled locations in the Maracaibo Lake district. The 
Lago Petroleum Corporation and Venezuelan Oil Concessions have also 
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advised that they would do likewise in view of the existing offset situation. 
The V.O.C. plans a total of 70 wells to be drilled in the La Rosa area 
during 1937 and the Lago has scheduled a similar number in the same area, 
both thus offsetting the drilling of the Mene Grande Oil Co. in the one- 
kilometer strip. Individual operations of the three companies were 
as follows: 

Lago Petroleum Corporation.—From one to three strings of tools were 
engaged in new drilling in the La Rosa field during 1936. Drilling was 
confined chiefly to the eastern, central and southeastern parts of 
the field. Altogether 25 wells were started in 1936, 21 of which were 
producers, 4 completed but closed in for lack of production facilities. 
Average depth of the wells drilled was 2730 ft., and average daily initial 
production of the 21 new completions was about 8000 bbl. Average 
gravity of oil produced was 27.0° A.P.I. 

Lago’s production from the La Rosa field during 1936 amounted to 
8,801,138 bbl. Average daily production ranged from 24,190 bbl. in 
January to 25,202 in November. Pumpers were increased but slightly 
during the year, or from 93 to 95, although several closed-in wells were 
equipped for pumping at the close of the year. 

In the Punta Benitez section, 16 wells were spudded in during 1936, 
also one relief well. Of these, 14 were completed as producers together 
with one well started in 1935; a total of 15 completions. Average depth 
of wells drilled was 2775 ft., and average daily initial production of new 
wells was 528 bbl., gravity of the oil averaging 27.0° A.P.I. 

In the Ambrosio section of the field no new drilling was carried on 
during the year. Production from both Punta Benitez and Ambrosio 
areas is included with totals of the La Rosa field. 

Mene Grande Oil Co., C. A.—After confining its operations in the 
La Rosa district for several years to work-over and repair jobs only, the 
Mene Grande Oil Co. resumed active drilling towards the end of October 
in order to drill up all undrilled locations. Two wells were completed 
as producers with initial daily output of about 400 bbl. each. 

Work-over and repair jobs were continued throughout the year, and 
preparation of wells for pumping. Pumping installations increased from 
122 wells at the start of 1936 to 163 on Dec. 1. 

Mene Grande Oil Co. production from the La Rosa area during 1936 
amounted to 4,062,525 bbl., the average daily production ranging from 
10,975 bbl. in January to 12,625 bbl. in February. The increase in yearly 
output can be attributed to the additional 41 pumpers installed, which 
effectively counteracted the natural decline in output of the field. 

Venezuelan Oil Concessions, Lid.—Little drilling was carried on in the 
La Rosa area by the V.O.C., and none until September, when one string 
was allocated for new drilling and work-over jobs. One new well was 
brought into production with output of 180 bbl. of 26° A.P.I. crude. A 
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second string was added towards the end of the year, but is engaged 
chiefly in repair jobs and preparing wells for pumping. 

The share of the V.O.C. in La Rosa production during 1936 amounted 
to 8,424,146 bbl. Daily average production ranged from 29,620 bbl. in 
January to 23,419 in November, January being the peak month of the 
year. The daily average for the year was 23,080 barrels. 


Mene Grande Field 


The Mene Grande field, pertaining to the Caribbean Petroleum Co. 
of the Dutch Shell group, is situated on the east side of Lake Maracaibo 
about 17 km. inland from the San Lorenzo terminal and refinery of the 
same company. It is in the northern part of the District of Sucre, State 
of Zulia, and was discovered in 1914. Unlike other fields in the Bolivar 
coastal area, no offset situation exists, all acreage being owned by the 
Caribbean Petroleum Co. 

Up to the beginning of 1936, a total of 277 wells had been drilled in 
this field. During the year 24 new wells were spudded in, of which 19 
were producers, together with three others started in 1935. One well 
was completed as a gas well for repressuring purposes and four wells 
were still drilling at the end of the year. 

Average depth of wells drilled ranged from 2650 ft., although wells 
completed in the southern part of the field averaged 3600 ft., and those 
in the west and northern parts averaged 2450 ft. Average initial pro- 
duction of the new wells was about 1400 bbl., and average gravity of oil 
from the new heavy oil wells was 17.1° A.P.I. Four strings of tools 
were in operation at the end of 1936. There are two oil levels, of which 
the most important is a thick zone present over the entire field, overlying 
Kocene shales, yielding heavy oil of 13.8° to 22.6° Bé., most of which 
averages 17.0° Bé. The second level is found in Eocene sandstones in a 
portion of the field and yields 28° to 29.1° Bé. oil. Edge waters have been 
noted in both levels. 

For the first time in the history of the field, pumping was resorted to 
in September 1936, after experiments earlier in the year with two units. 
At the end of the year five wells were pumping and additional installations 
on five more wells are expected at an early date. 

At the end of 1936 there were 133 wells producing; i.e., 58 flowing 
naturally, 70 on gas or air-lift and 5 pumping. 

Total production from the Mene Grande field during 1936 amounted 
to 15,428,454 bbl., or daily average of 42,154 bbl. From 1917 to 1936 
inclusive the Mene Grande field produced a total of 173,709,631 barrels. 


Rio Tarra and Los Manueles Fields 


Except for work-over and repair jobs, no new drilling was effected in 
this area of the Colon Development Co. (Shell subsidiary). Tarra pro- 
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duction for 1936 amounted to 3,412,569 bbl., and Manueles output was 
825,450 bbl. The field is in the District of Colon, State of Zulia, about 
85 km. inland from the lake shore line. Cumulative totals from 1917 
to 1936 of both fields were as follows: Tarra, 28,466,201 bbl.; and Los 
Manueles, 14,449,802 barrels. 


La Concepcion and La Paz Fields 


No new drilling took place in these fields of the Venezuelan Oil 
Concessions on the west side of Lake Maracaibo in the District of 
Maracaibo, State of Zulia. Concepcion field is about 25 and La Paz 
field about 38 km. west and slightly south of the city of Maracaibo. The 
productive limits of either field have not been determined. During 1933, 
the date of last drilling, a deeper level was discovered in La Concepcion 
101, yielding about 900 bbl. initial daily flow of 42.5° Bé. oil, but no other 
wells have been drilled in the new zone since then. 

As of Jan. 1, 1937, La Concepcion production was being taken from 
three wells flowing naturally and 75 pumpers, while La Paz output came 
from one well flowing naturally and three pumpers. 

La Concepcion production during 1936 amounted to 1,111,693 bbl. 
and La Paz 183,820 bbl. Total production from 1917 to 1936 of both 
fields was as follows: Concepcion, 18,153,453 bbl.; La Paz, 3,546,- 
343 barrels. 


Other Fields in State of Zulia 


As in 1935, the two wells of the Netick field of Orinoco Oil Co., in 
the District of Mara, remained closed in. One of these is a small pumper 
and the other has a daily natural flow potential of 500 bbl. of 27.5° Bé. 
oil. The Totumo field, District of Perija, pertaining to the Standard 
Oil Co. of Venezuela, likewise remains closed in, and it is not expected 
that operations will be resumed in this area despite a reported potential 
production of 2300 bbl. daily, all equipment and material having been 
moved from the field. 


British Controlled Oilfields, Ltd. 


In the El Mene and Media fields operations were confined to the latter 
district. Four wells were spudded in the Media field up to the end of 
1936, of which two were brought in as good producers, one was plugged 
and abandoned, and the fourth well was still drilling at the end of the 
year. One of the two producers had an initial daily output of over 
2000 bbl., but settled down within a month to around 600 bbl. daily 
production. The second producer made over 1500 bbl. daily initial 
flush production but dropped to 550 barrels. 

One string of tools was engaged on wildcat drilling during the year, 
on two locations. Work on one, Vega Oscura 1, was suspended to start 
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on the second (Lejia No. 1), which is to be drilled to ascertain potentiali- 
ties of the field and if production may be obtained as far out as 3 km. from 
the Media field proper. Up to end of the year no definite results were 
obtained from either test. 

Oil recovery from the El Mene field on Jan. 1, 1937, was being secured 
from 37 wells on gas or air-lift and 51 pumpers. In the Media field two 
wells were flowing naturally and five wells were pumping. 

Production of the El Mene field during 1936 amounted to 583,931 bbl. 
and from the Media field 227,456 bbl. Cumulative totals of the fields 
from 1917 to 1936 were as follows: El Mene, 20,737,861 bbl.; Media 
1,336,601 barrels. 


Hombre Pintado Field 


Operated by the British Controlled Oilfields, Ltd., only one well of 
this small field was pumped throughout 1936, producing 15,248 barrels. 


El Mene de Acosta Field 


This field is operated by Tocuyo Oilfields of Venezuela. Only one 
completion, a dry hole, was effected during 1936, and production was 
taken from 13 small pumpers during the year with a total output of 
about 24,290 bbl. The cumulative total of the field was 844,482 bbl. 
at the end of 1936. 


Cumarebo Field 


The Cumarebo field, in the State of Falcon, District of Zamora, only 
about 6 km. from deep water on the Caribbean, is operated by the Stand- 
ard Oil Company of Venezuela, with the North Venezuelan Petroleum 
Co., Ltd., participating in royalty of 26.875 per cent, drawn chiefly in kind. 

Nine wells were started in 1936, eight being brought in as producers 
and the ninth still drilling at the end of the year. Average depth of wells 
was 1575 ft., and average daily initial production was 385 bbl. Average 
gravity of output was 49.3 A.P.I. gravity. The aggregate daily initial 
production of the new completions amounted to 3080 bbl. Drilling was 
confined almost entirely to the southern and southwestern parts of the field 
and the known limits of proven acreage as at the first of January, 1936— 
about 470 acres—were not extended during the year’s operations. 

In November 1936 five additional wells were equipped with pumping 
units, making a total of six at the end of the year. An additional 12 units 
are to be installed early in 1937. 

The Cumarebo field is small and accumulation in the several oil levels 
has been influenced considerably by faulting. Production for 1936 
amounted to 2,794,092 bbl., or daily average of 7636 bbl., fluctuating from 
a high daily average of 8456 bbl. in March to a low of 6744 in October. 
Accumulated production of the field up to Jan. 1, 1937, amounted to 
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16,713,795 bbl. At the end of the year production was being taken 
from 35 wells flowing naturally and from 6 pumpers. One string of tools 
continued new drilling at the end of 1936. 


Other Falcon Fields 


Las Palmas and Urumaco fields were inactive during 1936, although 
Las Palmas had an output of 10,285 bbl. during the year when wells 
were temporarily opened. Urumaco remained closed in throughout the 
year. Both fields have natural flow potentials—Las Palmas, 800 bbl. 
and Urumaco 2000 barrels. 


Quiriquire Field 


The Quiriquire field is situated in the District of Piar, State of 
Monagas, and is owned exclusively by the Standard Oil Company of 
Venezuela. Drilling activities were divided in 1936 between exploitation 
drilling in the Quiriquire field and exploration or wildcat drilling in 
various districts. At the end of the year five strings were engaged in 
structure drilling and seven strings on wildcats. 

Production is obtained from a fairly thick zone of soft, porous sands 
over the greater part of the fields, unconformably overlying Oligocene 
black shale, and at the northern edge of the productive area contacting 
Upper Cretaceous strata. 

In the Quiriquire field 41 wells were started during 1936, of which 35 
were completed as producers together with one well started during 1935. 
Two wells were plugged and abandoned as dry holes. Drilling was con- 
fined to the central, east central and southern parts of the field and little 
acreage was proven outside of the former limits, which comprised about 
10,250 acres. 

Ageregate daily initial production of the 36 completions amounted to 
35,123 bbl. Production secured during 1936 amounted to 23,176,855 bbl., 
or an average of 63,325 bbl. The daily average throughout the year 
fluctuated from 53,333 bbl. in January to a high of 71,528 in October. 
Production for the previous year of 1935 totaled 19,874,565 bbl., or an 
increase in 1936 of 3,302,290 barrels. 

Average completion time for the majority of the wells drilled in 
Quiriquire during 1936 ranged from 40 to 45 days; average depth of wells 
was 2795 ft., and average gravity of new completions during the year was 
18.1° A.P.I. At the end of 1936, production was being taken from 
89 wells flowing naturally and 27 pumpers. However, 31 wells were 
closed in or inactive, of which number 25 have potential production 
and 6 do not have potential production caused, in part, by lack of pump- 
ing facilities. 
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In the Orocual field of the Standard, no new drilling was performed 
during 1936, and only 9951 bbl. was produced. The proven acreage 
remained therefore at about 975 acres, and of the eight wells drilled to date 
one is producing, though shut in, three are dry or junked holes, and four 
are abandoned producers. The five wells that have produced, however, 
have ‘‘proved”’ a relatively large area, and for that reason as well as 
future possibilities the area is considered as a new field. 


WILDCATS 


Considerable wildeat work was carried out by the Standard Oil 
Company of Venezuela in eastern Venezuela during 1936. Work was 
carried on not only on acreage pertaining solely to the Standard of Vene- 
zuela but on pooled acreage with the Pantepec of Venezuela, Cia. Espafiol 
de Petroleos and Seaboard Oil Co., and also wells drilled for the Lago 
Petroleum Corporation. Wildcat operations were started in the year 
with six strings and increased to nine during the year. At end of 1936, 
seven strings were engaged in such work. Because of the importance on 
development of wildcats in widely separated areas, a brief outline of the 
wells spudded and drilled during the year follows. 

San Juan No. 2.—This is a Standard of Venezuela well, spudded 
Nov. 27, 1935, located 30 km. northeast of the Quiriquire field. No oil 
shows were encountered in this well and it was plugged and abandoned 
as a dry hole on Jan. 16, 1936. 

El Lirial No. 1.—This well is on Pantepec of Venezuela acreage, 
which later was transferred to the Standard of Venezuela to be drilled 
by the latter under contract, the Pantepec receiving an overriding royalty. 
It was spudded in 1935 and after being carried to 5237 ft. was found 
to be a dry hole, so was plugged and abandoned on Nov. 26, 1936. 

La Canoa Nos. 1 and 2.—La Canoa was spudded in 1935 and after 
reaching a depth of 3855 ft. in March, 1936, operations were tempo- 
rarily suspended, when it was decided to move to another well. La Canoa 
No. 2, located 20 km. northeast of No. 1, was spudded on Aug. 15 and 
by the end of the year had reached a depth of 4618 ft., operations 
being held up temporarily for receipt of materials. 

Temblador Nos. 1 and 2.—Temblador No. 1, which is a Lago-owned 
well, drilled by the Standard of Venezuela under contract, receiving only 
the cost of drilling, was also spudded in 1935 and was completed at 
4980 ft., plugged back to 3960 ft. on Oct. 10, 1936. It is understood this 
well was brought in as a producer but no details are available as to actual 
results. 'Temblador No. 2, also owned by the Lago and drilled by the 
Standard of Venezuela, was spudded on Oct. 27, and at the end of the 
year was coring at 5030 ft. These wells are from 10 to 15 km. immedi- 
ately north of El Pilon No. 1 in the District of Sotillo, State of Monagas. 
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Amacuro Nos. 2, 3 and 4.—These are Standard of Venezuela wells, 
north of the Pedernales field and actually an extension of the field itself. 
They were formerly Pedernales locations but were renamed for administra- 
tive purposes, Venezuelan Seaboard Oil Co. having an interest in these 
wells. Amacuro No. 2 was spudded in on Dee. 30, 1935, and was com- 
pleted at a final depth of 5380 ft., making more than 800 bbl. daily initial 
production. Amacuro No. 3 was spudded on May 27, being located 
200 m. S. 31° W. of Amacuro No. 1. It was completed also at a final 
depth of 5380 ft. on Nov. 29, 1936, making 1072 bbl. daily initial produc- 
tion of 18.7° A.P.I. gravity oil. Amacuro No. 4, near No. 3, was spudded 
on Dec. 27, and at the end of the year was reaming for surface casing, 
total depth of hole being 230 feet. 

El Salto Nos. 1 and 2.—E] Salto No. 1, which formerly was known as 
Location Lot 61, No. 1, was spudded in on Feb. 11, 1936. The well is 
on former Pantepec property and was drilled under the same terms as 
El Lirial No. 1. It is about 40 km. east and slightly to the north of 
El Tigre No. 1 of the Mene Grande Oil Co., and 50 km. west in a straight 
line from El Pilon No. 1, the Lago well. It was completed at a final 
depth of 5219 ft., plugged back to 4536 ft. on Oct. 10, but it is not known 
whether any production was obtained from this well. El Salto No. 2, 
about 2 km. south and slightly to the east of No. 1, was spudded on 
Nov. 12 and was coring at 4275 ft. at the end of the year. 

Chapapotal No. 1.—Located about 6 km. south and slightly to the 
east of Orocual No. 2, this well was spudded in February 1936, although 
preparations were made at this location as early as October 1935. Delay 
was due to differences with the landowners, which were, however, straight- 
ened out. Upon reaching a depth of 6069 ft., the well was plugged and 
abandoned as a dry hole in August 1936. This was a Standard of 
Venezuela well. 

Cotorra No. 1.—This is a Standard of Venezuela well about 200 m. 
north of Amacuro No. 1, and actually is in the Pedernales field. It was 
spudded on Aug. 22 and at end of the year was drilling at 5884 feet. 

El Pilon No. 1.—A Lago well, drilled by the Standard of Venezuela 
under contract, the well is located in parcel Lago Lot No. 45 in the 
District of Sotillo, south of Temblador No. 1. It was spudded on July 
18 and completed around Oct. 15 at a final depth of 3822 ft. No infor- 
mation is available as to whether or not production was obtained from 
this well. 

Maturin Nos. 1, 2 and 3.—These wells are in the pooled area of the 
Cia. Espafiol de Petroleo, Lago Petroleum Corporation, Standard of 
Venezuela, about 5 km. north-northeast of Maturin, these companies 
sharing in the following percentages: 25.751, 28.095 and 46.156 per 
cent, respectively. 
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Maturin No. 1 was spudded on July 22 but after reaching a depth of 
919 ft. the well blew out and caught fire, burning chiefly gas but after- 
wards turning to oil with some gas still present. The derrick collapsed 
and the hole cratered. The fire was snuffed out at one time but because 
of danger from the high-pressure gas it was reignited. In the meantime, 
a relief well, Maturin No. 2, was drilled, and upon reaching the formation 
from which No. 1 was blowing out at a depth of 954 ft. in No. 2 well, 
water was pumped into the formation for two weeks and finally the fire 
was extinguished and the well killed. After cleaning up around the 
crater, Maturin No. 1 was plugged and abandoned on Dec. 23, 1936. 
Maturin No. 2, the relief well, remains “‘idle” at the end of the year, 
there being no indications as to whether or not this well will be completed. 
It is understood a considerable amount of oil was lost in the blowout 
of No. 1, but that the Standard of Venezuela has prospects for a good 
well in the replacement well, No. 3. This well was spudded on Sept. 29 
and by end of the year had been carried to a depth of 2011 ft. when drilling 
and coring was being carried out. 

Terreno Seco No. 1—This well is also in the pooled area of the 
C.E.P.S.A.-L.P.C.-8.0.V. on the same basis as the Maturin wells, and 
is 88 km. north-northeast of the Maturin wells in the Cafio La Viuda. 
It was spudded on Oct. 25 and after it had reached a depth of 2905 ft. 
the bit was lost in the hole. Attempts to recover it were unsuccessful 
and it had to be cemented in the hole. At the end of the year the hole 
had been cleaned out and preparations were in hand to drill ahead, the 
depth on Dec. 31, 1936, being at 2905 feet. 

Tabasco No. 1.—This well is 20 km. east and slightly south of 
Temblador No. 1, a Pantepec well, drilled by the Standard of Venezuela 
under contract with Pantepec. It was spudded on Noy. 21 and at end 
of the year was drilling at 4058 feet. 

At the close of 1936 the Standard of Venezuela had two other wildcat 
locations in hand; viz., San Juan No. 3 and Cotorra No. 2, neither of 
which, however, had been spudded in by Dee. 31, 1936. 

Summarizing wildcat operations in 1936, the Standard of Venezuela 
spudded in 14 new wells in the year, of which number three wells were 
completed (two being brought into production and the third for which we 
have no information) together with two wells (Temblador No. 1 and 
Amacuro No. 2) which were spudded in 1935 and completed in 1936; 
four wells (including two from 1935) were plugged and abandoned; 
eight wells were still drilling at end of the year; one well was temporarily 
suspended (La Canoa No. 2) and one well (Maturin No. 2) being a relief 
well on which data are not at hand as to whether or not a completion 
will be effected later. 

An even more intensive wildcat drilling program is anticipated by the 
Standard of Venezuela during 1937. 
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Up to the end of December 1936, the Mene Grande Oil Cox; Ory, 
has drilled seven wildcats in eastern Venezuela; namely, OAtints No. I 
(spudded February 1933 and suspended at 6184 ft. as an uncompleted 
test on Dec. 6, 1933); Oficina No. 2, spudded in February 1934, at 4 km. 
north of No. 1, and also suspended as an uncompleted test on Aug. 4, 
1934; at 6700 ft.; Aero No. 1, spudded Jan. 7, 1934, and suspended as an 
uncompleted well March 25, 1934, at 4477 ft., and the subsequent wild- 
cats which are described in detail in the following paragraphs. 

In the State of Anzoategui, eastern Venezuela, the Mene Grande 
Oil Co., C. A. (formerly Venezuela Gulf Oil Co.) started 1936 with one 
string of tools on wildcat work, but increased this to three strings before 
the end of the year. 

This program is to be continued in 1937 with possibility of being 
increased considerably when undrilled locations in the Maracaibo Lake 
Basin district are drilled up. It has been indicated that the Mene 
~ Grande Oil Co. intends to transfer drilling operations to eastern Venezu- 
ela when this has been accomplished. 

During 1936, work was either started or continued from 1935 on 
the following wells: 

Santa Rosa No. 1—The Santa Rosa No. 1 well, in the District of 
Freites, was started in 1934 and by May 9, 1936, had reached a depth of 
7213 ft., and was sidetracked to 5900 ft., when it was plugged and aban- 
doned as a dry hole. The well was classified as a ‘‘ geological test.” 

El Tigre No. 1.—This well, in lot V-121 in the District of Freites, 
was spudded in June and by end of the year had reached a depth of 
6425 ft. The well is now standing at that depth and no information as 
to results is at hand. However, it was reported as having been tested in 
November, making only salt water. 

Santa Ana No. 1.—This well was located in the District of Aragua, 
45 km. southwest of Santa Rosa No. 1. After reaching a depth of 
6100 ft., the well was tested but with negative results. At depth of 
6207 ft. operations were suspended pending further instructions, and the 
well is standing at that depth, although it is understood the local manage- 
ment recommended its abandonment. 

Merey No. 1.—Operations at Merey No. 1, which was spudded in 
May 1934 and suspended in September of the same year, were resumed 
with the addition of the third string of tools in November 1936. The 
well was cleaning out until the end of the year, the depth remaining at 
5855 ft.—the same depth as when it was suspended in 1934. The well 
is 31 km. east and slightly south of El Tigre No. 1 in the District of Freites. 


LAKE TANKER TRANSPORTATION 


The Dutch Shell group increased its lake tanker fleet during the 
year 1936 from 29 to 32 vessels. These additions brought the carrying 
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capacity of the Shell fleet up from 61,680,000 bbl. to 73,200,000 bbl. In 
addition, the Shell operated two tankers of the Arend Petroleum Mij., 
with total carrying capacity annually of 4,884,000 bbl., thus making the 
grand total for Shell tankers of 78,084,000 bbl. carrying capacity yearly. 
It is understood three additional tankers are to arrive early in 1937, each 
having a normal capacity of about 28,000 barrels. 

The Lago Petroleum Corporation increased its tanker capacity from 
21 to 22 vessels during the year, but in December transferred one tanker 
for service in the Argentine. This vessel, however, is to be replaced by 
one of similar capacity early in 1937. The Lago fleet has a carrying 
capacity of about 53,178,800 bbl. annually. During 1936 the Lago also 
chartered several tankers of the Mene Grande Oil Co. to augment the 
carrying capacity during special periods when its own fleet could not keep 
up with required shipments. Two additional tankers are being built 
and should reach Venezuela during June 1937, each having capacity 
of about 24,500 barrels. 

The Mene Grande Oil Co. (formerly Venezuela Gulf Oil Co.) made no 
changes in its tanker fleet during the year, carrying capacity remaining 
at around 32,538,000 bbl. yearly. However, seven of its tankers were 
laid up most of the year, being surplus to shipping requirements, and 
some of these for short intervals were chartered to the Lago. 

The Standard Oil Company of Venezuela had in service during the 
year three tankers in shuttle service carrying crude from Caripito Ter- 
minal on the San Juan River (Quiriquire crude) to the new Standard 
deep-water shipping terminal at Guiria, and also for hauling crude from 
the Cumarebo field to either Caripito or Guiria. 


GEOLOGICAL AND GEOPHYSICAL INVESTIGATIONS 


During 1936 considerable geological and geophysical work was carried 
out in widely separated areas by several companies. At the end of the 
year several such parties were active in the following districts: 

In the State of Barimas, formerly known as State of Zamora, a 
torsion balance party was working in the District of Sosa for the Vene- 
zuelan Petroleum Co. Two seismograph parties were reported working 
for the Caracas Petroleum Corporation in the District of Infante, State 
of Guarico, and a geological party was reported in eastern Guarico for 
the Socony-Vacuum Co., also a magnetometer party in south Anzoategui. 
Seismograph work was under way for the Standard of Venezuela in 
southern Delta Amacuro and southern Monagas, in addition to torsion 
balance work in eastern Guarico as well as magnetometer work, and a 
geological party was reported working on the Roscio concession in Guarico. 

In the Netick area, where the Orinoco Oil Co. has a shut-in field, 
it is understood the Lago had a seismograph party at work, and the Shell 
group had geological parties working in Tachira, eastern Guarico and 
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Zamora. A seismograph party and a “rainbow” party was reported 
working for the Shell in eastern Guarico, torsion balance work going on 
also in southwestern Monagas and Barinas, State of Zamora, and a 
Holwek balance party in Anzoategui, as well as seismograph work in the 
District of Colon near the Rosario field. A geological and magnetometer 
party was reported working for the Mene Grande Oil Co. in Anzoategui, 
as well as seismograph work in Monagas. 


Activity In LANnps 


Although various companies reduced their holdings in Venezuelan 
acreage in some areas, and the Venezuelan Government cancelled delin- 
quent concessions as well, the general tendency has been to increase 
holdings, especially on the part of the principal companies. Exact figures 
for the year are not at hand but over a three-months period figures 
published in the Gaceta Oficial (Government official gazette) listed a 
total of 812,550 hectares purchased by the most prominent companies 
during that short period. 

Districts in which such acreage was purchased are for the most part 
in eastern Venezuela—viz., the States of Anzoategui, Monagas, and 
Guarico—although some purchases were made in the States of Zulia and 
Trujillo in western and central Venezuela, including a group of parcels 
south of the Mene Grande field comprising some 20,000 hectares. 

An announcement was made during the latter part of the year that 
a port on the Caribbean known as ‘‘El Chaure,” between the Mene 
Grande Oil Co. port of Guanta and Puerto de la Cruz, was sold to the 
Cia. Consolidada de Petroleo, subsidiary of the Venezuelan Petro- 
leum Corporation. 

Of interest also was an announcement by the Venezuelan Government 
in December that it had approved a petition of the Venezuela Gulf Oil 
Co. for transfer to the Mene Grande Oil Co., C. A., of a total of 849,377 
hectares of acreage in the States of Zulia, Trujillo, Falcon, Anzoategui, 
Monagas and Guarico, for exploitation purposes, and 287,508 hectares 
in the States of Anzoategui, Guarico and Monagas, for exploration pur- 
poses. It is understood the acreage involved in this transfer covers the 
entire property of the Venezuela Gulf Oil Co., and the transfer to the 
new company, specially formed, was for legal purposes, the new company 
being registered in Venezuela and therefore not liable to certain taxes, 
etc., as it would be if the property had remained under the name of a 
company formed outside of the Republic of Venezuela. Similar steps 
had previously been taken regarding the marketing departments of the 
Shell and Lago, the Shell having organized the Petroleum Utensils Co. 
and the Lago forming the Compajfiia Petroleo de Lago. 

During September, it was reported a new agreement had been entered 
into by the Standard Oil Company of Venezuela and the Lago Petroleum 
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Corporation whereby on all acreage of the Standard of Venezuela in east- 
ern Venezuela the Lago will receive one-third share while in all Lago 
interests in western Venezuela, which includes the Maracaibo Lake Basin, 
the Standard of Venezuela receives one-third share, shares to be paid in 
either oil or cash as optional with either party. Such shares are to be 
based on book costs. 
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Chapter VI. Petroleum Engineering Education 


Problems and Objectives of Petroleum Engineering Education 


By Luster C. Uren,* Memper A.I.M.E. 
(Fort Worth Meeting, October, 1936; New York Meeting, February, 1937) 


Topay, a dozen or more universities and colleges in the United States 
are offering curricula designed for the specialized training of engineering 
students who plan to enter the petroleum industry. Many hundreds of 
students are following these curricula in their academic preparation, with 
the expectation that by so doing they will be better equipped to enter the 
petroleum industry in an engineering capacity than their competitors 
that seek to do likewise with training of less specialized character. Those 
who have helped plan and develop these curricula believe that such 
specialization should and does afford the student a superior preparation 
for his task. Others have questioned this and urge a broad preparation 
in fundamentals without specialization. Still others are suggesting even 
greater specialization than present petroleum engineering curricula afford. 
Some would have the student first prepare himself in one of the more 
general divisions of engineering, such as civil, mechanical or electrical 
engineering, and then seek some degree of specialized preparation in a 
graduate program. 

Which of these views is correct; or, if there is merit in each, which 
plan offers the greater advantage to the student? It is time that we 
paused to take stock of our objectives and of our way of attaining them. 
Is the training received by our petroleum engineering students what it 
should be? To what extent is the product of our petroleum engineering 
schools meeting the requirements of the industry? How may graduates 
be better equipped for the work they are called upon to do? These are 
questions that educators interested in the training of petroleum engineer- 
ing students are ever asking. They must depend upon engineers and 
executives engaged directly in the industry for advice and helpful sug- 
gestions in better planning the training to be offered to our future engi- 
neers. This paper will have served its purpose if it is successful in 
focusing attention of men active in the industry on some of these edu- 
cational problems, to the end that the ideas of men close to the needs of 
the industry may be made known to those who have responsibility in the 
control of our educational programs. 

Manuscript received at the office of the Institute Sept. 8, 1936. 

* Professor of Petroleum Engineering, University of California, Berkeley, Calif. 
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CuRRICULA IN TRANSITION 


We must not assume that our petroleum engineering curricula are 
standardized or fixed, in the sense that they have reached a permanently 
established prescription of subjects to be taught and a necessarily proper 
allotment of time between the different subjects. It should be recognized, 
rather, that our curricula are still in transition; that we are concerned 
with the needs of a rapidly developing and changing industry, and that 
what is conceded to be a well balanced program today may not neces- 
sarily be correct five years from now. In academic work, we are prone 
to be content with the existing order of things. We are reluctant to 
undertake drastic changes; and yet this path may lead us gradually 
away from our intended objective. It is desirable that we occasionally 
clear away the dead wood of past effort and realign ourselves with oui 
objective. With minds free of past interests and prejudices, we should 
seek that which is best; not so much with the intent of projecting the 
past into the present as with the purpose of orienting our present thoughts 
toward the future needs of engineers entering our industry, in so far as 
we are able to visualize them. 


THe FIELD OF THE ‘‘' PETROLEUM ENGINEER”’ 


Possibly we would not all agree on just what the duties of the petro- 
leum engineer should encompass; therefore we would differ somewhat on 
the character of training that he should receive. Broadly, the writer 
considers the field of the petroleum production engineer to include all 
phases of technologic work that occur in an oil field from the time that 
the first test well is located until the last barrel of oil is shipped and the 
wells are abandoned. This concept provides the production engineer 
with a rather clear-cut field of endeavor, beginning where the exploration 
geologist leaves off on the one hand and ending at the point where the 
transportation interests take over the product for transport to the storage 
centers and refineries. Of course, the production engineer must know 
something of the methods of the exploration geologist and something of 
storage and pipe-line transportation of oil and gas. Some of the funda- 
mental data regarding the properties and behavior of petroleum and gas 
he must share in common with the refinery engineer. 

In thus broadly defining the field of the production engineer, it will 
be understood that no man can encompass in his training a detailed 
knowledge of and familiarity with all technology involved in the develop- 
ment of oil fields and the production and handling of oil and gas. We 
must depend upon highly trained specialists for some phases of the work. 
For example, the production engineer is not expected to be a trained 
micropaleontologist or geophysicist, though he must have a general 
understanding of these highly specialized sciences and must know the 
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ways in which they may usefully be applied in oil-field work, and how to 
use the information that they afford. Similarly, mechanical, electrical, 
chemical and civil engineers may be pressed into service when certain 
phases of the work present highly specialized problems requiring an 
intimate knowledge of the subject matter of these professional fields. 
If a power plant is to be designed and installed, the petroleum production 
engineer should not be expected to do the detailed work: a mechanical 
or electrical engineer especially qualified in this type of construction would 
be employed. Or, if a natural gasoline extraction plant is to be installed 
in the field, a chemical engineer experienced in this class of work would be 
expected to design and install, and perhaps also to operate it. Never- 
theless, the petroleum engineer must be broadly familiar with the charac- 
ter of work contributed by these different classifications of engineers and 
must have a thorough understanding of the results of their work, insofar 
as they relate to and are tied in with his own. He must be first an 
engineer, secondly a petroleum engineer. He must have an essentially 
practical type of mind, trained to analyze problems, gather necessary 
data and arrive at proper conclusions from their analysis. 

Though many regard petroleum production engineering as a rather 
specialized field of endeavor, it is really quite the reverse. There are 
few occupations that present a greater variety of problems or that require 
a broader preparation to successfully cope with them. The petroleum 
engineer must be something of a mechanical engineer, civil engineer, 
electrical engineer, mining engineer, geologist, geophysicist, metallurgist 
and economist, all rolled into one. His daily routine may bring him 
into contact with problems requiring application of a knowledge of any 
one of these professions. In common with other engineers, he must 
have a thorough grounding in the fundamental sciences: physics, chem- 
istry and mathematics. He must have the usual engineering preparation 
in surveying, drafting, hydraulics, strength of materials, thermodynamics 
and analytical mechanics. Because his theater of operations is largely 
underground, he has many interests in common with mining engineers, 
particularly the geological sciences. He needs a broader preparation 
in the field of chemistry than those engaged in other engineering fields, 
with the exception of chemical and metallurgical engineering. 


Tur BALANCED CurRRICULUM—How May It Br AcHIEVED? 


With this concept of the field of the petroleum engineer in mind, let 
us now briefly consider some of the problems that arise in planning an 
academic preparation appropriate to his needs. First, how are we to 
achieve proper balance between the time devoted to each of the many 
different subjects that must find a place in the petroleum engineering 
curriculum? How are we to determine just what proportion of the total 
time available should be devoted to geology; how much to physics, 
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chemistry and mathematics? How far should the student be led into the 
realm of analytical mechanics, thermodynamics and hydraulics? How 
much of the related fields of civil, mechanical, electrical and mining 
engineering should he include in his preparation? How shall we seek 
a proper balance between the time devoted to fundamental and applied 
science? How far shall we encourage specialization in the particular 
problems of the petroleum industry? These are questions upon which 
no two educators or petroleum engineers would entirely agree, and yet 
we must seek substantial agreement by compromise between opposing 
views if we would find a middle ground upon which to rear our petroleum 
engineering curriculum. 

It is rather interesting to trace the influence of different individuals 
and departments on the curricula offered by different universities and 
colleges. Some of the early petroleum engineering programs were out- 
growths of economic geology curricula, and in institutions where the 
geology departments have been dominant in developing instruction in 
petroleum technology, it is common to find the petroleum engineering 
curriculum overloaded with an excessive prescription of courses in geology. 
When the engineering departments have taken the initiative in formu- 
lating programs, it is usual to find the emphasis on mechanical engineering 
subjects, sometimes almost to the exclusion of the geological sciences. 
Where the pendulum has swung far toward the side of the so-called funda- 
mentals, we find what seems to be an overemphasis on the methods of 
approach to our problems afforded by physical chemistry, thermo- 
dynamics and hydromechanics. Such men as Herold, Lacey and Lewis 
have demonstrated that these methods are broadly applicable to many 
of our problems; but in our enthusiasm for these new aids we must not 
lose our sense of proportion and balance. There is another type of 
academician who has a penchant for economics: who sees only the eco- 
nomic aspects of our problems and who is inclined to demand a share of 
the student’s time for courses of economic nature that can only be pro- 
vided at the expense of his fundamental and applied science courses. 
Lately there have been those who would impose upon our petroleum 
engineers a larger emphasis on sociology and political science. Again, 
there is the educator that harps on the necessity for developing a better 
“cultural” background for engineers and that emphasizes the importance 
of languages, history and philosophy, but that sees little of cultural value 
in the applied sciences. 

We should not be critical of these different viewpoints, for there is 
something distinctly beneficial in each. We must find a middle ground 
between these apparently conflicting interests, each seeking an inordinate 
amount of the student’s time and effort. Certainly, the engineer must 
be a cultured, educated person. He should be able to express himself 
intelligently and conduct himself properly in polite society. No good 
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citizen should be unmindful or uninformed of the great social forces that 
are at work in the world today, some of which would profoundly change 
the entire basis upon which the conduct of our engineering work is per- 
formed. Of course, every engineer must be an economist. But first 
of all, he must be on intimate terms with the natural sciences upon which 
the edifice of the engineering art has been reared. He must be thor- 
oughly trained in the doing of those things that an engineer must know 
how to do in the conduct of his daily work. 

May we not look upon the fundamental sciences, mathematics, 
physical chemistry, geology, drawing and the more fundamental engineer- 
ing subjects as the ‘‘tools” of the engineer? Without them, he can do 
nothing. But even when he has his tools he must still become proficient 
in their use before he can be a successful engineer. And the engineer 
will not rise to his full responsibilities until he has acquired that breadth 
of understanding of the world of affairs that is conferred by a background 
of preparation in the fields of economics, sociology and political science. 
To properly express to others his personality and ideas, he must acquire 
proficiency in oral and written expression in his native language and at 
least a speaking acquaintance with one or more others. 

Some months ago, the author wrote letters to ten of his former stu- 
dents: men that had spent a number of years in the industry and had 
advanced to positions of responsibility and presumably were able to 
appraise the reasons for their own success. ‘They were asked what gaps 
they had diseovered in their academic preparation and what courses 
they had found most useful in their professional work. As might have 
been expected, there was little agreement among these individuals and 
no two had precisely the same viewpoint. Some wanted more geology, 
some less. Some had found need for better preparation in fundamentals; 
others thought more stress on the specific problems of the industry would 
be preferable. Some felt the need of more training along mechanical 
lines; others thought more time should be devoted to human relations, 
economics and so on. Each spoke in the light of his own experience; 
and the important thing that stood out in this survey was the fact that 
no two had had the same set of experiences. 

This leads us to the question of whether we are justified in attempting 
to rigidly standardize the preparation of young men entering the industry, 
if later they are to follow different paths and meet different requirements, 
particularly since few can foresee where their opportunities will lead 
them. If the latter is true we might reasonably be led to build engineer- 
ing curricula largely of fundamentals, devoting our energies chiefly in 
the direction of developing in our students the power to reason, to analyze 
and apply these fundamentals in the solution of case problems illustrative 
of the type with which the petroleum engineer has to deal. Such a plan 
might be safely followed, with the assurance that we are at least strength- 
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ening the ability of the student to cope with his future professional work, 
wherever his opportunities may lead him. 

Such a conclusion, however, does not solve the whole problem, for 
we are still confronted with the question of what proportion of the stu- 
dent’s time shall be devoted to training in fundamentals, and what part to 
training in their application: the old question of a proper balance between 
fundamental and applied science. Some educators apparently believe 
that an equal division of time between these two phases is justified. 
Others would place the ratio at three to one or three to two. That is, 
three years of a four-year course would be spent on fundamentals and 
one on applications; or, in a five-year program, three years on fundamen- 
tals and two on applications. At any rate, it seems reasonably clear 
that if the engineering student is to be given an adequate grounding in 
mathematics, physics, geology, chemistry, drawing, surveying, analytical 
mechanics, hydraulics, strength of materials, thermodynamics and the 
necessary fundamentals of civil, mechanical and electrical engineering, at 
least three years will be necessary for the task, assuming that a proper 
foundation has been provided in the secondary schools. 


How Many Yerars SHALL THE PETROLEUM ENGINEERING 
CURRICULUM REQUIRE? 


Perhaps the whole question of whether the petroleum engineering 
curriculum should be planned as a four-year, five-year or six-year program 
may be answered by deciding whether the training in applied science in 
the chosen field of specialization should span one, two or three years. 
Most educators active in the petroleum engineering field today would 
probably agree that one year is scarcely enough. Two years would be 
much better. Three years can scarcely be justified unless we are trying 
to build research men of Ph.D. caliber. Unfortunately, institutions 
that have attempted to pioneer six-year engineering courses have been 
unable to hold their students. Many leave after four years and do not 
return for what is, in most cases, a vital part of their preparation planned 
for the fifth and sixth years. 

If we concede that a five-year program is desirable, it is perhaps of 
little consequence whether it be a five-year undergraduate program or a 
four-year undergraduate program followed by a graduate year. The 
former plan permits of better organization and assures that all students 
complete the full program before being awarded a degree; but the latter 
plan, with the graduate year leading to the Master’s degree or Engineering 
degree, would probably be preferred by most students. This plan, how- 
ever, gives encouragement to the many students who would be content 
with four years, omitting the fifth, thus leading to two classes of grad- 
uates: the partly trained four-year men later competing with the better 
prepared five-year men. Employers, unfortunately, do not always 
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intelligently discriminate between these two groups, and there is thus a 
misunderstanding concerning the degree of preparation that the employer 
might count on in employing graduates of our educational institutions. 


RESEARCH 


There is a difference of opinion concerning the place of research in 
the petroleum engineering curriculum. Should we prescribe an under- 
graduate thesis to be conducted as an individual project by each student? 
Or, should research be confined to graduate curricula? Perhaps the 
best that can be said for the undergraduate thesis is that it is a satisfac- 
tory introduction to research methods and, in some cases at least, cul- 
tivates a liking for investigative effort in the student that often stimulates 
him to undertake more competent research in a later graduate program. 
Incidentally, it affords the student an opportunity to explore some prob- 
lem, aside from the prescribed routine, in which he may be particularly 
interested. It is one of his few opportunities for self-expression. Every 
assignment that the engineer undertakes in his professional work requires 
him to gather and analyze data; perhaps to carry on some planned experi- 
mental routine, and finally to prepare a formal report. The undergradu- 
ate thesis also follows this same pattern and, to this extent, is valuable 
in demonstrating the manner of approach to engineering problems. 

It must be admitted that such work, when performed by most under- 
graduate students, is scarcely to be dignified by the name ‘‘research.”’ 
Few students are able to conceive of and acceptably carry through a 
thesis, and the instructor must become a veritable fountain of ideas and 
inspiration if he is to keep his students busy with individual problems. 
Undergraduate thesis work is expensive instruction, both in the time 
consumed and in the cost of materials and necessary shop assistance. 
Yet, it is believed that with an inspirational teacher it can be a highly 
profitable type of work. Looked upon as the instructor’s contribution 
to the field of research and as a means of extending his own knowledge, 
the time necessarily devoted to supervision and es of many details 
is amply justified. 

As for graduate research, it will probably be agreed that the institution 
that fails to support and encourage research among its graduate students, 
and to demand a certain amount of activity in this direction among its 
faculty personnel, is falling short of its proper objectives. Unless the 
research spirit is nurtured in our universities, the fountainhead from 
which springs the inspiration and enthusiasm that feed and support 
our industrial research organizations will be cut off. It may be reasoned 
that the universities, with their limited research budgets, cannot hope to 
compete with the great industrial research organizations; but the person- 
nel to carry on the work of these research organizations must receive 
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their training in research methods and the inspiration and liking for 
research activities in the universities. 


FirLtp STupIEs 


Another question has been under consideration in most petroleum 
engineering schools: Should observation field courses be included in the 
university program, or should it be left to the individual student to 
arrange his own field contacts? Certainly, from the standpoint of the 
student who is often unable to find short-period employment in the oil 
fields, or who is unable to negotiate the right of entry into field plants 
and properties, faculty-conducted field excursions are a great advantage. 
A well planned and conducted field-observation course is of great educa- 
tional value, and affords an opportunity for gaining an all-inclusive 
picture of equipment used and conditions presented in the field that we 
are not able to convey to the student as satisfactorily in any other way. 
The best time for such a course would be during the summer vacation 
period between the third and fourth years of a four-year course, or 
between the fourth and fifth years of a five-year course. There is then 
some opportunity for preliminary instruction of the student concerning 
what he is to see and do in the field, but the major part of his more 
advanced petroleum engineering instruction would come in the year 
following the field course. 

While the field course may thus be an interesting and valuable adjunct 
of the academic curriculum, the difficulties in the way of offering and 
conducting such a course often seem unsurmountable. Many students 
are unable to afford it. Such a course must usually be given during the 
summer vacation period and both student and faculty personnel are 
reluctant to give the extra time and effort necessary. For the student 
that is partly self-supporting, it means not only extra expense but also 
time that might be used in earning essential funds for continuance of his 
academic work. In deference to such students, field courses are usually 
made optional, with the result that university authorities must plan and 
assume the preliminary financial obligations, without knowing in advance 
the number of students that will elect the work. 

Some years ago, Professor George, now of the University of Pittsburgh, 
made what seemed to many an excellent suggestion. He proposed that 
one university in the Mid-Continent region, one in the Appalachian 
region and one in California, should offer each summer, a comprehensive 
field course that might be patronized by students from all parts of the 
country. A student might spend one summer vacation period in each 
region during his undergraduate course, thus gaining an understanding 
of the problems presented and methods and equipment used in each. 
Owing to lack of initiative on the part of the universities and colleges, the — 
plan proposed has not yet been achieved. Perhaps the A.I.M.E. or the 
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American Petroleum Institute could assist to some extent in promoting 
this activity. 


VacaTION TIME EMPLOYMENT OF ENGINEERING STUDENTS 


The educational institutions must depend upon industry to afford 
students the opportunity to become familiar with the practical aspects of 
oil-field work. This may be accomplished by permitting them to make 
observations of routine operations in the field, or by actually employing 
them to assist. The latter plan, of course, is best from the standpoint 
of the student, particularly if the employer will cooperate by moving him 
about and giving him a variety of assignments. Actual employment of 
students during university vacation periods also appeals, inasmuch 
as it permits needy students to earn a part of the cost of their aca- 
demic education. 

Some employers are reluctant to employ students because the few 
weeks or months that they have between college sessions do not permit 
them to become really proficient in their work. Though eager to learn 
and willing to work, students may be more of a liability than an asset 
from the point of view of the employer. While we must agree that the 
average student is not likely to be a profitable employee during the first 
few weeks of his employment, yet from a long-range point of view his 
employment may be entirely justifiable. Every employer has the prob- 
lem of finding suitable personnel for the technical jobs in his organization. 
By employing students during vacation periods, the employer may learn 
enough about them individually to intelligently select those he may wish 
later to take into his permanent employ. Vacation time employment of 
the student thus affords a basis of mutual acquaintance and often develops 
a sense of loyalty that later may lead to a life-long profitable relationship. 

From a broader point of view, employers have a moral obligation in 
assisting the colleges and universities in developing trained technical 
personnel for industry. This obligation cannot be met entirely by merely 
offering the student the opportunity for employment after he leaves the 
university, for he needs practical contacts during his college course .The 
student that has not had opportunity for such contacts is seriously handi- 
capped in his academic preparation in comparison with his more fortunate 
fellows that have had the benefit of some practical training in industry. 

. Several of the larger oil companies are offering petroleum engineering 
graduates practical training on an apprentice basis, with the purpose of 
selecting the better men for permanent positions. During the apprentice 
period, which may occupy a year or more, the men are moved about so 
that they have contact with many different phases of oil-field work and 
are given supervision and instruction by several different executive 
officers. Such a plan offers many advantages both to the individual and 
the oil company. The writer, however, would urge that the apprentice 


666 OBJECTIVES OF PETROLEUM ENGINEERING EDUCATION 


relationship be initiated a year or more prior to graduation from the 
university—say during the summer vacation period immediately preced- 
ing the last undergraduate year. By so doing, the practical and academic 
preparation of the student may be better coordinated and the student 
may be better aligned with his objective. 


SUMMARY 


In the foregoing pages, an effort has been made to define the objective 
of petroleum engineering education and to outline some of the problems 
that are a matter of concern to educators in training students to attain 
this objective. No conclusions are to be offered as an outgrowth of this 
discussion. Instead, the writer prefers to conclude with a few questions, 
it being his hope that the discussion presented and questions raised may 
provoke expressions of opinion from others. 

1. What is the proper field of the petroleum engineer and what char- 
acter of academic preparation is likely to best equip him for the work that 
he is expected to do? 

2. What percentage of the petroleum engineering student’s time in 
his university course should be devoted to fundamental science training 
and what part to applied science training? 

3. What percentage of the time devoted to applied science in a petro- 
leum engineering curriculum should be in the general fields of engineering 
and what part may profitably be devoted to the specialized technology 
of the petroleum industry? 

4. How many years should the undergraduate university curriculum 
in petroleum engineering span? 

5. Is graduate training necessary for the petroleum engineer, and 
if so, how many graduate years are desirable? 

6. Should research be included in the undergraduate petroleum 
engineering curriculum, and if so, toward what objectives should it 
be directed? 

7. Should universities conduct observational field courses for petro- 
leum engineering students and, if so, should they be a part of the pre- 
scribed curriculum? 

8. How may relationships between the schools and the industry best 
be adjusted to foster mutual interest and participation in the training of 
engineering students for the petroleum industry? 

9. How can the gap between the colleges and industry be bridged so 
that the student may transfer from university work to industrial employ- 
ment with minimum loss in continuity of interest and purpose? 


Petroleum Engineering Education 


By W. W. Scorr,* Memser A.I.M.E. 
(Fort Worth Meeting, October, 1936) 


THE application of engineering methods to the problems connected 
with drilling and producing in the oil industry has led to the development 
of the science that is variously termed ‘“‘petroleum engineering,”’ ‘“pro- 
duction engineering,” ‘‘petroleum production engineering,’ and even 
“political engineering.” It would require much detail to enumerate the 
qualifications of a petroleum engineer, just as it would for an engineer 
in any major industry. 

For those who have a genuine liking for the oil industry, there is a 
wide selection of pathways to achievement. ‘The oil industry is now 
highly specialized. Its products are necessary to all civilized people and 
are indispensable in the security of our nation and also in the well-being 
of our families. The business structure of our country depends in a 
large measure upon oil, and the welfare of this group as individuals is 
certainly linked with the welfare of the oil industry. 


Wuat Is THE TREND OF HNGINEERING? 


The oil industry offers a fertile field of opportunity for engineering; 
probably more so than any other industry. The sciences of geology, 
physics, chemistry and mathematics are all used in some phase of the 
oil industry and to a very considerable extent in the production division, 
which embraces the geological, drilling and producing departments. In 
drilling and production alone, research programs of considerable magni- 
tude are being carried on at this time, and no doubt the future will see 
a great deal more of this kind of work. Through the cooperation of the 
engineer, the equipment manufacturer, and the American Petroleum 
Institute, immense savings have been made by the standardization of 
drilling and production equipment. Drilling equipment in itself offers 
a wide scope for study, in that continued efforts are being made to improve 
the equipment so that it can be made to drill faster and to greater depths. 
The improvements in drilling equipment are required because new reserves 
of oil are being found at progressively greater depths. In order to pro- 
duce such oil in competition with oil now being produced from reservoirs 
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of lesser depths, it is necessary that the costs of drilling for and producing 
such oil be kept as low as the handicap of the additional depth will permit. 
Such improvements require a thorough knowledge of the equipment in 
order that refinements may be made along the lines of sound engineering 
principles, the application of which is bringing about better balanced 
equipment, with each individual part designed to properly take care of 
its purpose, and deficiencies as well as cumbersome overdesign in equip- 
ment are being eliminated. Wells are now being drilled to a depth of 
about two miles. Thirty-five years ago, a well 3500 ft. deep was con- 
sidered to be of a great depth. Research in equipment will include much 
work in the study of alloys for the purpose of manufacturing equipment 
that will stand abuse and have much greater strength. The mechanical 
engineer will be called upon to design new equipment, and the drilling 
technician will be obliged to improve methods and technique in drilling 
and producing. 

One of the many important studies with regard to drilling is that of 
mud-fluid control, which probably is now in its infancy. Much is 
expected by continued research and study of this phase of drilling, wherein 
the drilling to greater depths and through formations presenting difficult 
problems will be greatly facilitated. 

Drilling costs have been materially reduced during the past few years. 
For instance, the 3300-ft. shallow sand wells of the Raccoon Bend oil field 
were drilled during 1928 and 1929 in an average time of 72 days, at an 
average cost of $32,000 per well. During 1934, a deeper sand was dis- 
covered in this field at 4100 ft. and these wells require about 20 days to 
complete at a cost of $22,000 each. Thus it is seen that improved tech- 
nique and equipment have made it possible to drill 800 ft. deeper for 
$10,000 less per well. 

Likewise, drilling to depths of 9000 to 10,000 ft. is not prohibitive, 
since drilling costs can yet be further reduced. I do not hesitate to pre- 
dict that drilling costs will be cut in half during the next 10 years. 

With reference to the actual producing of oil, perhaps the greatest 
accomplishment has been the recognition of the principles relating to the 
efficient utilization of reservoir energy in the operation of wells and pools. 
By reservoir energy is meant: (1) gas energy in the free gas in the higher 
portions of the reservoir, and gas dissolved in the oil; and (2) the hydro- 
static pressure of edge and bottom water in the lower portions of the 
reservoir below the oil. The most efficient utilization of these factors 
results in the greatest ultimate recovery of oil. 

Further consideration of the benefits to be derived from the utilization 
of reservoir energy in producing oil brings out that there is a certain 
balance between investment, recovery, rate of recovery and cost of pro- 
ducing, which must be determined in order to operate a given oil pool 
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successfully, and the technical man is much better prepared to render this 
service than anyone else. 

I am sure that the advantages to be gained by rational development 
programs and then by producing at rates of withdrawal in keeping with 
reservoir conditions, are obvious. Many recall the discovery of the deep 
pools in the Los Angeles Basin some 11 years back, and later, Seminole in 
Oklahoma, and then the Oklahoma City pool. It was often remarked, 
“Why discover deep oil pools when the cost of producing them will be 
prohibitive?” In those days, 15 to 20 per cent of the ultimate production 
was recovered by flowing and the remainder by pumping. Today, with 
new fields developed under proration and with proper attention given 
to utilization of reservoir energy, it is not unreasonable to expect a recoyv- 
ery of 80 to 100 per cent of the recoverable oil by flowing. Thus depth 
has ceased to be so great a factor in lifting costs. 

There is yet unlimited possibility for work with one outstanding 
problem—increased ultimate recovery. It is generally accepted, and 
in numerous instances it has been proved, that for every barrel of oil 
produced there are approximately two barrels of oil left in the ground. 
In connection with this problem, additional work must be done on the 
physical properties of oil and gas as they occur in a reservoir, together 
with their behavior under various reservoir conditions. Additional 
information obtained through study and partial solution of these problems 
will give a better understanding of the proper methods to use in drilling 
for and producing oil. 

Repressuring and water-flooding are old methods, familiar to most of 
us, yet they still require study and research for much needed greater 
improvements. 

Technicians have constructed their own special instruments for obtain- 
ing the knowledge that we now have of reservoirs and reservoir con- 
tents.. These instruments are much in need of improvements and 
accessories. For instance, there is the pressure bomb, which is used to 
take pressures in oil wells and formations, and there is gas-sampling and 
fluid-sampling equipment. Laboratory equipment used in any of these 
problems needs to be perfected, and the technique of handling most of 
these problems in the laboratory will be improved as additional time and 
effort are given to them. 

In this brief summary of the trend of engineering activities within the 
industry, an attempt is made only to show that much has been accom- 
plished and that the problems of the production division of the petroleum 
industry are now such as to offer a wide range of opportunity for young 
engineers. Moreover, the many young engineers that are being taken 
into the industry from year to year are good evidence that the petroleum 
engineering graduates have done commendable work. 
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Wuat SHOULD THE UNIversITy Do? 


Before the university can outline courses for students and prepare 
them for the oil industry, it is important that the industry’s requirements 
be fully understood. 

Petroleum engineering includes all engineering work in the prodactien 
department. For the engineer, it might be said that there are two general 
pathways to achievement in production work, which come under the 
divisions of field engineering and specialized technical engineering. Hach 
of these groups requires a distinctly different type of mental make-up. 
The successful field engineer is the one that can work harmoniously with 
his fellow workers and that possesses the quality of leadership. His 
make-up probably is largely determined by inheritance and training 
before he reaches the university, but it can be aided and developed by the 
university. Graduates of most of the engineering schools and of the 
science courses are about equally suited under the present system of 
university curricula for this type of position. The petroleum engineering 
graduates from most such schools are usually more suited for this type 
of position than for the highly specialized technical positions or for 
achievement along technical lines. This type of engineer, during his 
early years, gets experience through manual labor in the various positions 
of drilling and production. Following his field work, he may be assigned 
to duties as a district or field engineer. In this position, he acts as a 
technical assistant to supervision but he is not required to have a high 
degree of technical training for such work. He acts also as an inter- 
mediary between the specialized technical groups that are located in the 
home offices and the field offices. There is usually a cooperative arrange- 
ment between such field engineers and the specialized technical engineers, 
whereby each is a necessary assistant to the other. After several years 
of such experience, the field engineer can determine whether he is better 
suited for the field work, which leads to supervisory positions in produc- 
tion work, or for specialized technical work. The experience he has 
gained is necessary for progress in either field engineering or specialized 
technical work. 

The type of engineer that finally enters specialized technical engineer- 
ing usually starts out with more or less of an idea that he is better suited 
for the specialized technical job, but his training and experience are much 
the same during the earlier years as that of the field engineer striving 
to gain a supervisory production position. The successful specialized 
technical engineer usually is found among graduates of other engineering 
schools besides petroleum engineering, and only a small percentage of 
petroleum engineering graduates finally enter specialized technical work 
because in most cases they do not have sufficient technical training along 
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the line of specialization. The engineer coming within this group par- 
ticularly can greatly enhance his value to himself and the industry by 
specialization in the university for one or two years beyond his four-year 
course, if he has found himself especially adaptable to working with 
certain problems of the industry. 

It would seem that it should be the purpose of the petroleum engineer- 
ing school to prepare young men for the field engineering or technical 
positions, and to develop within the student such interests or aptitudes 
as he may have along the lines of fundamental sciences; so that he will 
be enabled to pursue other routes to achievement if he finds, after gradua- 
tion, that he did not wisely select an engineering curriculum. 

This points to the conclusion that many of our college courses are 
overspecialized, and that, after all, a degree in petroleum engineering is 
not necessary to success in petroleum engineering work. In our present 
system of education, a student must decide not later than the beginning 
of his Junior year the course he wishes to take. This forces upon the 
young man an important decision before he has had sufficient experience 
to qualify him to make such a decision. If he definitely plans to study 
for four years only, the effect of this is not particularly serious; but if later 
he should wish to return to school for graduate work, he must either 
follow the course of study he took as an undergraduate or spend valuable 
time satisfying undergraduate requirements in the field in which he wishes 
to specialize. It appears that this system works a hardship on the stu- 
dent in forcing him to make a decision as to his field of future endeavor 
before he is prepared to do so. Much of this could be avoided if the first 
four years of college were devoted to broader training. 

The field of engineering, like the fields of medicine and law, is becom- 
ing so highly specialized that it is impossible to give in a four-year course 
all of the culture-developing, theoretical, and practical courses that are 
desirable for the technical expert; yet the colleges continue to attempt to 
turn out trained engineers in the short space of four years. The result 
is inadequate training in the field of engineering and no training at all 
in the other fields, which possibly are as important as technical knowledge. 
Industry itself is probably responsible for this unfortunate situation. 
Industries have demanded technical graduates dignified with a degree of 
Bachelor of Science in their particular branch of engineering. They have 
deluded themselves into believing that colleges can take over their job of 
turning out men to handle their particular problems and have sought to 
dodge the responsibility of training their own men. This delusion has 
perhaps been shared by the colleges themselves, with the result that the 
ability of the college graduate often is overrated both by industry and by 
the graduate himself. Such a situation usually leads to disillusionment 
and discouragement of the men, who leave college believing that the road 
to success is paved with sheepskins. 
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It is difficult to suggest remedies for an unfortunate condition that 
has become so important a part of our educational system. Perhaps 
it would be remedied if engineering education were to require a six-year 
course. It should aim to give, in addition to engineering, a broad training 
in culture, scientific habits of mind, and mental elasticity through class 
discussion and laboratory practice. Such a course would prepare the 
college student to handle technical jobs in the petroleum industry or 
almost any other industry. Such men would be better trained for engi- 
neering work than the average college graduate of today. A few months 
in the oil field, working during the summer months, will give the engineer 
all the practical drill needed. It is needless to say that the education 
of the petroleum engineer never ends—his life is not one of ease. 


Wuat SHOULD THE STUDENT Do? 


It is unfair to place the full burden on the university; the student 
should bear his part. First, he should free himself from domination by 
his parents. Not that it is always to his detriment, but often parents 
are too close to their children to visualize properly their potentialities. 
Next, the student should analyze himself to determine whether he has 
the personal characteristics necessary to be a success in engineering. He 
should make an effort to obtain an education sufficiently broad in prin- 
ciples that may be applied to producing and drilling technique to enable 
him to be the best, because he will find competition keen. He should 
have a high standard of mental honesty and a profound regard for the 
ethics of his profession. He should ask himself if he has the ability, horse 
sense, character, adaptability and perseverance requisite to an honorable 
and successful career in this profession. If he has any doubt, he should 
not risk a false start but should at once search elsewhere for his true 
vocation. Finally, the engineer should early realize that he owes much 
to his profession because he has profited by those who have gone before 
him and created the store of technical knowledge upon which he draws. 
He should at all times give consideration to the good name and dignity 
of the profession he has adopted as his life work. The engineer should 
not attempt to advance his own interest at the expense of other members 
of the profession by merely distorting facts. This is mental dishonesty. 

Above all, he should develop initiative and learn to use it properly. 
In it lies the secret of success. ‘To me, no better definition of this charac- 
teristic has been given than that by Elbert Hubbard when he wrote: 


The world bestows its big prizes, both in money and in honors, for but one thing 
. . . And that is Initiative. What is Initiative? I'll tell you: It is doing the right 
thing without being told. 

But next to doing the right thing without being told is to do it when you are told 
once. That is to say, carry the Message to Garcia! 


WwW. W. ScoTT 673 


Next, there are those who never do a thing until they are told twice: such get no 
honors and small pay. 

Next, there are those who do the right thing only when Necessity kicks them from 
behind, and these get indifference instead of honors and a pittance for pay. This kind 
spends most of its time polishing a bench with a hard-luck story. 

Then, still lower down in the scale than this, we find the fellow who will not do the 
right thing even when some one goes along to show him how, and stays to see that he 
does it: he is always out of a job, and receives the contempt he deserves, unless he has a 
rich Pa, in which case Destiny patiently awaits around the corner with a stuffed club. 
To which class do you belong? 


Combination Field Work and Class Work 


By R. L. LaNGENHEIM* 


(Fort Worth Meeting, October, 1936) 


CoorEeRATIVE education for engineers is based on the premise that 
theory and practice are inseparable in training men for the engineering 
profession, and the two must be advanced simultaneously in order to 
train men most successfully and efficiently. The teaching of theory 
obviously should be done by the college but the practice must be obtained 
in the field where the application of the theory is made. 

The ideally trained engineer is one that knows theory, can apply the 
theory to practice, can direct, and work with, his fellow men. The old 
four-year plan of training engineers does a fair job of teaching the under- 
lying theory of engineering but neglects entirely the training necessary 
for application of the theory, except through laboratory experiments, and 
the training in adjustments necessary to direct and work with men. 

An engineer, like a lawyer, doctor, dentist or other professionally 
trained man, cannot practice until he has had practical experiences that 
give him a knowledge of the other phases of his profession. The doctor 
serves as an interne, the lawyer reads law in the office of a practicing 
attorney, and the engineer must enter the profession as a laborer or as 
an apprentice, unless he has had the advantage of a cooperative education. 

Cooperative education provides the opportunity for the coordination 
of practical and theoretical training for the engineering profession 
throughout the period of training and thus eliminates many that are 
unfit to enter the profession, giving them an opportunity to seek other 
fields for which they may be better fitted, and reduces the overhead in 
industry that results from a large turnover of men not fitted for 
the profession. 


THE COOPERATIVE PLAN 


Cooperative education in engineering is no longer an experiment. It 
was inaugurated at the University of Cincinnati in 1904 by Dean Herman 
Schneider, and has worked successfully ever since. Over twenty schools 
offer this type of education and many thousands of young men have had 
the opportunity to receive their technical training under this plan. 

Under the cooperative plan a student attends class for a period of eight 
weeks, then enters industry for eight weeks, maintaining this schedule 
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throughout the year. He has an alternate, who follows the same program 
in the opposite order. The class work is repeated each eight-weeks 
period, so that a student and his alternate miss no classroom work and 
at the same time the job in industry is filled continuously. The work 
periods are considered as much a part of this educational training as the 
theory taught in class, and a student is expected to do satisfactory work 
on the job in order to receive his degree. 

The direct and indirect benefits of cooperative education are three- 
fold: to the student, to the industry and to the school. 

The student receives a balanced program of theoretical and practical 
training, showing the interrelationship of theory, practice and labor essen- 
tial to the development of a successful engineer. He is also provided 
with educational and vocational guidance. The material is presented 
under the same conditions that the engineer will find in practice. Second, 
the income derived by the students assists many of them to meet their 
financial obligations. Third, the student has the opportunity to associate 
with graduate engineers, thus giving him a broader view of the profession 
while he is still in the formulative stage of development, and also giving 
him intimate contact with industry, which provides him with an insight 
into labor problems and gives him a knowledge of the reactions and 
psychology of the working man that is invaluable to the engineer in 
industry. Through actual observation and practice, the student is 
forced to realize the economic as well as the technical side of engineering. 
He also establishes a primary market for his services. 

Industry has the opportunity to train men for their particular field 
and has prospective employees that have proved their ability to handle 
the work and their interest in it. 

The school benefits in that upon graduation students are placed in 
positions that they are capable of handling. Second, space and equip- 
ment requirements are halved because only one-half the number of stu- 
dents is in school at one time. It provides the school with an extensive 
laboratory consisting of the equipment of the firms that use the coopera- 
tive students. 


COOPERATIVE CouRSE AT TULSA 


The cooperative plan is used by the College of Petroleum Engineering 
of the University of Tulsa in training engineers for the petroleum indus- 
try. A four-year course is offered, of which the first two years consist 
of the regular standard two 18-week semesters. When the student has 
completed all the requirements of the first two years, he becomes eligible 
for the cooperative work and is placed on this work during the summer 
preceding his third year. The third and fourth years are on a cooperative 
basis. The periods of alternation are eight weeks each and continue for 


52 weeks each year. 
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During the first two years, the student is taught the basic mathematics 
and science for all engineering work. Beginning with the third year, 
the specialized courses incident to the petroleum field are introduced 
simultaneously with the student’s introduction to the practical applica- 
tions in the field and refinery. 

Production students are placed in the field as helpers and roustabouts 
and as their training advances are changed to more responsible positions. 
Refining students start in plant-maintenance gangs and are promoted 
into positions carrying some responsibilities as they develop sufficiently 
to handle the work. 


Chapter VII. Refining 


Developments in Refinery Engineering in 1936 
By Water Mitier,* MemsBer A.I.M.E. 


Wir returning prosperous conditions in all industries, oil-refinery 
engineering has found opportunity for the more extensive application of 
improvements developed during the several years of depression. The 
year has brought out little of an entirely new nature, but much in wider 
application of previous worth-while developments. 

The greatest volume of work done has been in modernizing the dis- 
tillation and cracking units of existing refineries, particularly by substi- 
tution of combination skimming and cracking units for older equipment, 
and the installation of cracking plants in smaller refineries where 
formerly only skimming was practiced. A number of entirely new refin- 
eries were installed during the year, two of the most important being the 
20,000-bbl. refinery by the Atlantic Refining Co., at Atreco, Tex., and a 
12,000-bbl. plant by the Wilshire Oil Co., at Norwalk, Calif., these two 
embodying some of the latest developments in cracking and treating. 

Total refining capacity for the United States is now reported as being 
something over 4,000,000 bbl. per day, but a movement is on foot looking 
to a complete revision of these figures, as experience has indicated not only 
some overstatement of capacity of equipment but that considerable 
equipment is included which because of obsolescence and location will 
probably never be run again. The 3,000,000-bbl. figure which the indus- 
try reached during the year’s high consuming period required the opera- 
tion of probably 95 per cent of the country’s efficiently usable capacity. 


CRACKING AND POLYMERIZATION 


There were no new outstanding developments in the cracking field, 
progress being made largely in the further refinement of known principles. 
Improvements in furnace design and operation have been largely in 
permitting closer control of the heating curve through the cracking-tube 
system, assisting in more uniform yield and in the lessening of coke deposi- 
tion, and permitting longer trouble-free operating time as well as reduc- 
tion in furnace-maintenance cost. 

Actual operating polymerization capacity has been increased little 
during the year, but a number of projects have.been started, some nearing 
completion, the production from which will be available during 1937. 
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Among these installations may be mentioned a 1200-bbl. plant at the 
new Atlantic Refining Company’s refinery at Atreco; a 2000-bbl. unit 
in the Humble Oil Company’s refinery at Baytown, Tex.; a 5000-bbl. 
installation at the Pan-American Company’s refinery at Texas City, Tex. ; 
and three or four units, aggregating 4000 bbl., of the Phillips Petroleum 
Co. Another project initiated this year, which will be completed in 
1937, is the building of a 400-bbl. unit on the property of the Shamrock 
Oil & Gas Corporation in the great gas fields of the Panhandle district 
of Texas near Amarillo, which will process natural gas from that field 
through a plant combining a heating coil for cracking the gases and the 
catalytic polymerizing method developed by the Universal Oil Products 
Co. The cost of processing equipment so far developed for polymeriza- 
tion has been too high to permit of its consideration for comparatively 
small quantities of raw material. However, the close study being given 
to the economic and engineering features and the greater experience that 
will come from the operation of the plants being installed will undoubtedly 
result in improvements that in time will make this method of producing 
motor fuel of high octane value more generally commercially feasible. 

‘““Re-forming,”’ the cracking of the more undesirable, low octane value 
fractions of straight-run gasoline, has continued as an active factor, with a 
number of installations made during the year, in spite of the lowered cost 
of tetraethyl lead, and the greater permissible limits of ethyl lead inclusion 
in nonpremium gasoline. If higher octane standards are adopted the 
trend to re-forming will undoubtedly be augmented. 

Something of a bombshell was thrown into the octane race situation 
by the announcement of the Ethyl Gasoline Corporation, on Oct. 27, 
giving its licensees an optional method of testing octane value, and raising 
the limit from 70 to 73 octane for nonpremium gasoline, and from 76 to 
79 octane for ethylized premium gasoline. Protest was aroused because 
the new testing method was much more expensive and burdensome and 
was without approval of the various testing organizations and com- 
mittees, and because the change in specification involved on the average 
at least two octane numbers higher than the existent 70 octane number 
ceiling, based on the present approved testing method. After a number 
of conferences the Ethyl Gasoline Corporation agreed to postpone the 
effective date for a period of at least 90 days to permit further study of 
the proposal. 


TREATING CRACKED GASOLINES 


In the field of treating cracked gasolines a number of additional instal- 
lations were made of clay vaporphase treating units, most of them to 
operate in conjunction with combination units. The previously noted 
installation of a plant combining the Halloran low-temperature acid- 
treating method with the Stratford short-time-contact centrifugal opera- 
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tion, was completed during the year at the new Wilshire refinery and 
has been in successful operation for several months 

A number of installations of the “‘Perco” process for sweetening gaso- 
line were made. One method employs cupric chloride in solution and 
another uses it as a deposit on fuller’s earth or other base, both methods 
being continuous and depending upon the addition of oxygen for operation. 

It is understood that an arrangement has been made for making avail- 
able to the industry the method of sweetening developed by the Standard 
Oil Company of California, using lead sulphide as the active agent for 
converting mercaptans into nonodorous products. 


PRODUCTS FROM PETROLEUM GASES 


Gradual but definite progress toward manufacture of increasing 
variety and volume of chemical products from petroleum gases was 
evidenced, and knowledge of the possibilities is growing so rapidly as to 
insure a greatly accelerating increase of development. Special extracts 
having decided cyclic characteristics were commercialized as varnish 
and lacquer diluents. Isopropyl ether as an ingredient of plus-100-octane 
aviation gasoline in conjunction with tetraethyl lead was put on the 
market. In the way of purely chemical production it is rumored that 
the Carbide & Carbon Corporation plans a large installation at Baytown, 
Tex., to utilize gases from the Humble Oil & Refining Company’s refinery, 
similar to the operation at Whiting, Ind., carried on by the same 
company, using Standard of Indiana refinery gases. 

The threat of forced blending of alcohol and gasoline is kept to the 
fore through the activity of the Chemical Foundation in advancing money 
for the rehabilitation of an idle alcohol plant in Kansas, and undertaking 
to arrange for the distribution of the blended motor fuel. The outcome 
of the venture will be followed with great interest, particularly in view of 
reported dissatisfaction abroad with alcohol-gasoline blends. 


FuEL AND LUBRICATING OILS 


An outstanding feature of the year’s developments is the effect on 
refinery runs of the constantly greater use of furnace oils, largely for house 
heating, estimated by some at 16 per cent over 1935, or about 15,000,000 
bbl. increase. This is causing refiners to run at higher rates than other 
products indicate, and if the winter of 1936-37 should be unusually 
severe and protracted, will undoubtedly result in the building up of 
larger gasoline stocks than otherwise would be needed. In view of the 
expected large increase in gasoline demand during 1937, probably strain- 
ing refinery capacity to produce, this may not be an unmixed evil. 

In the lubricating oil field few if any new developments are worthy of 
note. Additional capacity was installed in the way of solvent dewaxing, 
solvent treating, and vacuum distillation units. A fairly large-sized 
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operation, utilizing the solvent principle of acid-treating lubricating oil 
stocks at low temperatures in the presence of propane, mentioned in this 
review in 1935, has been put into operation, but no information regarding 
the results is available. Some progress has been made in the develop- 
ment of corrosion inhibitors to offset the apparent higher corrosion rate 
of the highly refined, solvent-treated oils. Nothing of a scientific nature 
has been published, but two products are being offered, others are being 
developed, and if successful may have some influence in changing the still 
slackening trend of solvent-treating installations. Use of addition agents 
to increase oiliness and bearing-pressure characteristics is imcreasing. 

The trend of the 1937 cars seems to be toward higher bearing pressures, 
but in at least two models steps have been taken to reduce to some extent 
crankcase temperatures. A marked trend toward the use of hypoid gears, 
both because of manufacturing problems and the facility for more easily 
lowering the center of car gravity, to eliminate or reduce drive-shaft 
tunnels, brings to the front in greater degree the problem of special hypoid 
gear lubricants of the violent extreme-pressure type. 

Additional extension of Diesel fuel application in heavy-duty engines 
took place, as was expected, although not on as broad a scale as would 
have occurred had the product been more widely available. 


INSTRUMENTS AND MATERIALS 


Some further refinements and improvements in both measuring and 
control instruments have been developed and offered. 

In the field of corrosion-resisting materials there was announced in 
the latter part of the year the “Ihrigizing”’ process, named after its 
inventor, H. K. Ihrig, a high-temperature furnacing operation somewhat 
resembling case carburizing. By its means the surfaces of finished steel 
parts are impregnated with silicon to a material extent, and corrosion 
and heat-resisting properties superior to both stainless steels and the 
4 and 6 per cent chromium alloys are claimed. Laboratory tests seem 
to bear out the claims, but no commercial experience in the refining 
industry is yet available. 
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